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SUMMARY
F i f t y  t h r e e  c u l t u r e s  b e l o n g i n g  t o  d i f f e r e n t  s p e c i e s  
and  g ro u p s  a s  r e c o g n i s e d  i n  t h e  e x i s t i n g  sy s te m  o f  
c l a s s i f i c a t i o n  o f  t h e  genus  F u sa r iu m  and one c u l t u r e  o f  
H e Im in tho spo r ium  s a t iv u m  were  c l a s s i f i e d  by a n u m e r i c a l  
(Adansonian)  method.  A t o t a l  o f  160 c h a r a c t e r s  was 
s t u d i e d ;  t h e s e  i n c l u d e d  m o r p h o l o g i c a l ,  c u l t u r a l ,  
p h y s i o l o g i c a l ,  p a t h o l o g i c a l  and b i o c h e m i c a l  f e a t u r e s .
Only t h o s e  t e s t s  which d i s c r i m i n a t e d  be tw een  t h e  d i f f e r e n t  
s t r a i n s  were u se d  i n  t h e  com pu te r  a n a l y s i s ;  o m is s i o n  o f  
c h a r a c t e r s  which  were  e i t h e r  p o s i t i v e  o r  n e g a t i v e  f o r  a l l  
t h e  s t r a i n s  r e d u c e d  t h e  number o f  f e a t u r e s  f o r  c o m p u ta t io n  
from 160 t o  132. The a n a l y s i s  o f  d a t a  on t h e  p r o p e r t i e s  
o f  a l l  t h e  f u n g a l  s t r a i n s  was c a r r i e d  o u t  u s i n g  U n i v e r s i t y  
o f  S u r r e y  com puter  No. ICL 1905 F ,  a c c o r d i n g  t o  A d anso n ian  
p r i n c i p l e s  o f  c l a s s i f i c a t i o n  a s  d e v e lo p e d  by S n e a th  ( 1 9 5 7 b ) . 
Two methods o f  g r o u p i n g ,  s i n g l e  l i n k  g r o u p in g  (S .L .G . )  and 
s i n g l e  l i n k  l i s t i n g  ( S .L .L . )  were  u s e d ;  dendrogram s and 
s i m i l a r i t y  m a t r i c e s  were  c o n s t r u c t e d .  The com pu te r  
c a l c u l a t e d  v a l u e  ( p e r c e n t a g e  s i m i l a r i t y )  "S" ,  r a n g e d  from' 
7 2 .3  t o  9 2 .1  p e r c e n t  by t h e  S .L .G .  method and f rom 6 5 .7  t o  
92 .8  p e r c e n t  by t h e  S .L .L .  m ethod .  G roup ings  o b t a i n e d  by 
t h e  S .L .G .  method were more e l a b o r a t e  a t  a g i v e n  l e v e l  o f  
s i m i l a r i t y  t h a n  t h o s e  from t h e  S .L .L .  method and were  
t h e r e f o r e  ch osen  f o r  d e f i n i n g  g r o u p s .  The s i m i l a r i t y  a t  
a  l e v e l  o f  80.2% was s e l e c t e d  f o r  d e f i n i n g  g r o u p s  by t h e
S .L .G .  method ,  s i n c e  a t  t h i s  l e v e l  41 o f  t h e  54 i s o l a t e s  
were  j o i n e d  t o g e t h e r  w i t h i n  8 g r o u p s .  The c o m p u t e r - d e f i n e d  
g ro u ps  were g e n e r a l l y  more s i m i l a r  t o  t h o s e  o f  t h e  two m os t  
w i d e l y  u s e d  sy s te m s  o f  c l a s s i f i c a t i o n  i n  F u sa r iu m  taxonomy.
I n  o r d e r  t o  a s s e s s  t h e  v a l u e  o f  d i f f e r e n t  c a t e g o r i e s  
o f  c h a r a c t e r s  i n  fo rm ing  g ro u p s  o f  F usa r iu m  i s o l a t e s ,  a 
s e p a r a t e  a n a l y s i s  was made o f  t h e  m o r p h o lo g i c a l  and c u l t u r a l ,  
p h y s i o l o g i c a l ,  p a t h o l o g i c a l  and b i o c h e m i c a l  c h a r a c t e r s .  
Dendrograms were  c o n s t r u c t e d  and compared w i t h  t h e  main  
dendrogram  i n  which a l l  a v a i l a b l e  c h a r a c t e r s  were  u s e d .
INTRODUCTION
I n ^ S O ^ L i n k  p ro p o s e d  t h e  genus Fusar ium  f o r  a 
group o f  f u n g i  p o s s e s s i n g  f u s o i d  s p o r e s .  S in c e  t h e n  
t h e  i n t e r e s t  i n  F u s a r i a  has  grown b e c a u s e  o f  t h e i r  
a b i l i t y  (1) t o  p ro d u ce  a n t i b i o t i c s  and m y c o to x in s ,  (2) 
t o  b r i n g  a b ou t  a l c o h o l i c  f e r m e n t a t i o n ,  (3) t o  a c c u m u la te  
l a r g e  q u a n t i t i e s  o f  f a t  w i t h i n  m y c e l i a l  c e l l s  and ( 4 ) , t o f  
g r e a t e s t  im p o r t a n c e ,  t o  c au se  p l a n t  d i s e a s e s .
M y c o l o g i s t s  and p l a n t  p a t h o l o g i s t s  have g e n e r a l l y  
r e c o g n i s e d  t h a t  Fusar ium  i s  t a x o n o m i c a l l y  one o f  t h e  most 
d i f f i c u l t  g e n e r a  w i t h  which  t h e y  a r e  c o n f r o n t e d .  Not 
o n ly  a r e  t h e  number o f  s p e c i e s  v e r y  l a r g e  b u t  most  s p e c i e s  
a r e  d i f f i c u l t  t o  m a i n t a i n  i n  c u l t u r e  i n  a s t a b l e  s t a t e .
F u s a r i a  a r e  f r e q u e n t l y  e n c o u n t e r e d  d u r i n g  m i c r o b i a l  
e x a m in a t io n  o f  s o i l  and d i s e a s e d  p l a n t  m a t e r i a l ,  b u t  i t  
i s  v e r y  d i f f i c u l t  t o  d i s t i n g u i s h  i n  c u l t u r e  t h e  p a t h o g e n i c  
and s a p r o p h y t i c  fo rm s .  Most s p e c i e s  grow r a p i d l y  as  
s a p r o p h y t e s  and a r e  found  i n  a lm o s t  e v e r y  s i t u a t i o n  where 
moulds can grow.
S in ce  members o f  t h i s  genus a r e  ab undan t  and o f  
g r e a t  economic i m p o r t a n c e ,  i t  i s  e s s e n t i a l  t h a t  i d e n t i f i c a t i o n  
o f  i s o l a t e s  s h o u ld  be  a c c u r a t e  and t h a t  s p e c i e s  s h o u l d  be 
d i s t i n g u i s h e d  from one a n o t h e r  w i t h  c e r t a i n t y ,  f o r  e a c h  i s  
l i m i t e d  t o  c e r t a i n  p l a n t s .
Two m a jo r  sys tem s  a r e  i n  e x i s t e n c e  f o r  naming and 
c l a s s i f y i n g  Fusar ium  i s o l a t e s .  These a r e  t h e  sy s te m s  o f  
W ollenweber  and R e in k in g  (1935) and t h e  s u b s e q u e n t  r e v i s i o n  
o f  t h e  genus by Snyder  and Hansen (1940,  41, 45) i n  which  
65 s p e c i e s  l i s t e d  by Wollenweber and R e in k in g  were r e d u c e d  
t o  9.
In  p r e s e n t  sys tem s  o f  c l a s s i f i c a t i o n  F u sa r ium  i s  . 
i n c l u d e d  i n  t h e  f a m i l y  T u b e r c u l a r i a c e a e  o f  t h e  c l a s s  Fungi  
I m p e r f e c t i .  T h is  f a m i l y  i s  c h a r a c t e r i s e d  by  t h e  p r o d u c t i o n  
o f  s p o r o d o c h i a .  However, many s p e c i e s  o f  F u sa r ium  p r o d u c e ,  
i n s t e a d  o f  s p o r o d o c h i a ,  p i o n n o t e s ,  and s t i l l  o t h e r s  form 
n e i t h e r  s p o r o d o c h i a  n o r  p i o n n o t e s  b u t  p ro d u ce  c o n i d i a  i n
c l u s t e r s  on a l l  p a r t s  o f  t h e  a e r i a l  mycelium. The one 
f e a t u r e  common t o  a l l  t y p i c a l  Fusar ium  c u l t u r e s  i s  t h e  
p r e s e n c e  o f  m a c r o c o n i d i a .  M a c r o c o n id ia  a r e  s i c k l e - s h a p e d  
w i t h  p o i n t e d  ends and w i t h  c r o s s  s e p t a .  The e x a c t  s h a p e ,  
s i z e  and number o f  s e p t a  i n  t h e  m a c r o c o n i d i a  a r e  i m p o r t a n t  
c r i t e r i a  u s e d  f o r  i d e n t i f i c a t i o n  o f  s p e c i e s .  In  a d d i t i o n  
t o  t h e  m a c r o c o n i d i a  many s p e c i e s  p rod u ce  m i c r o c o n i d i a  
which a re  s m a l l e r  and u s u a l l y  n o n - s e p t a t e .  A number o f  
s p e c i e s  form ch lam yd o sp o res  which  may be t e r m i n a l  o r  i n t e r ­
c a l a r y  and formed by hypha o r  by c e l l s  o f  m a c r o c o n i d i a .
These  m o r p h o lo g i c a l  f e a t u r e s  have p r o v i d e d  t h e  b a s i s  f o r  
d e l i m i t i n g  s p e c i e s .
The p e r f e c t  s t a g e s  o f  a c o n s i d e r a b l e  number o f  
s p e c i e s  o f  Fusar ium  a r e  now known. They a re  a l l  Ascomycetes  
and b e lo n g  t o  t h e  g e n e r a  Hypomyces, G i b b e r e l l a , N e c t r i a  and 
C a l o n e c t r i a .
C u l t u r a l  v a r i a t i o n  i s  a v e r y  common phenomenon i n  
F u s a r iu m . These v a r i a n t s  a r i s i n g  d u r i n g  t h e  g row th  o f  
t h e  c u l t u r e  a r e  b e l i e v e d  t o  be due t o  m u t a t i o n s  and 
s e g r e g a t i o n  o f  h e t e r o k a r y o n s  and d i f f e r  from t h e  "Wild t y p e " .  
Even c o n i d i a  norm al  i n  a p p e a ra n c e  d i f f e r  g r e a t l y  i n  t h e i r  
s i z e  and shape  a c c o r d i n g  t o  where  t h e y  a r e  p ro d u c e d :  
w h e th e r  on mycelium, p i o n n o t e s  o r  i n  d e f i n i t e  s p o r o d o c h i a .
In  a t y p i c a l  p i o n n o t e  lo ng  c o n i d i a  may be p ro d u c e d  and i n  
a sporodochium  t h e y  may be c o n s i d e r a b l y  s h o r t e r .  The 
measurement  o f  c o n i d i a  on d i f f e r e n t  c u l t u r e  m ed ia  ( e s p e c i a l l y  
when t h e  s p o r e s  a r e  t a k e n  from d i f f e r e n t  s o u r c e s ,  e . g .  
mycelium, s p o r o d o c h ia  and p i o n n o t e s )  a r e  s i g n i f i c a n t l y  
d i f f e r e n t  and d e m o n s t r a t e  t h e  p o s s i b l e  d i f f e r e n c e s  t h a t  
may a r i s e  w i t h i n  t h e  same s p e c i e s  u n d e r  d i f f e r e n t  c o n d i t i o n s .
I t  i s  e v i d e n t  t h a t  many p rob lem s  s t i l l  r em a in  i n  t h e  
c l a s s i f i c a t i o n  o f  F u s a r i u m . P e rh a p s  t h e  m a jo r  c au se  o f  
t h e  d i f f i c u l t i e s  i n  c l a s s i f i c a t i o n  i n h e r e n t  i n  t h i s  group 
o f  f u n g i  i s  t h e i r  t e n d e n c y  t o  v a r y  w i d e ly  i n  t h o s e  morpho­
l o g i c a l  and p h y s i o l o g i c a l  c h a r a c t e r s ,  i n c l u d i n g  v i r u l e n c e ,  
which a r e  n o r m a l ly  u t i l i z e d  i n  taxonomy.
The p a u c i t y  o f  f o s s i l  r e c o r d s  makes a t t e m p t e d  
p h y l o g e n e t i c  c l a s s i f i c a t i o n  o f  f u n g i  l a r g e l y  a m a t t e r  o f  
o p i n i o n .  An a l t e r n a t i v e  t o  t h e  p h y l o g e n e t i c  c l a s s i f i c a t i o n  
i s  t h e  p h e n e t i c  c l a s s i f i c a t i o n ,  f i r s t  i n t r o d u c e d  by t h e  
1 8 th  C e n tu ry  b o t a n i s t  Adanson, i n  which th e  r e l a t i o n  
be tw een  t a x a  i s  b a s e d  on o v e r a l l  s i m i l a r i t i e s .  In  t h i s  
sys tem  o f  c l a s s i f i c a t i o n  no s i n g l e  f e a t u r e  i s  e s s e n t i a l  
o r  s u f f i c i e n t  t o  make an o rg an ism  a member o f  a g ro u p .  
R e c e n t l y  n u m e r i c a l  methods have been  i n t r o d u c e d  by S n e a th  
(1957b 19 6 2 ) .  The aim o f  n u m e r i c a l  taxonomy i s  t o  group  
o rg an ism s  o r  o b j e c t s  a c c o r d i n g  t o  t h e  number o f  f e a t u r e s  
t h e y  p o s s e s s  i n  common. The p r i n c i p l e s  o f  n u m e r i c a l  
taxonomy have been  d i s c u s s e d  by  Soka l  and S n e a th  (1 9 6 3 ) .  
While t h e  t e c h n i q u e  has  been  w id e ly  a p p l i e d  t o  o t h e r  
o r g a n i s m s ,  p a r t i c u l a r l y  b a c t e r i a ,  i t  has  been  l i t t l e  u se d  
f o r  f u n g i  (K e n d r ic k  and P r o c t o r  1964, Ib rah im  and ThrelEal l  
1 966) .
The Fungi  I m p e r f e c t i  a r e  s u i t a b l e  f o r  n u m e r i c a l  
methods b e c a u se  no sy s te m  o f  c l a s s i f i c a t i o n  y e t  d e v i s e d  
f o r  t h i s  group can c la im  any s u p p o r t  from p a l a e o n t o l o g i c  
s t u d i e s  and t a x a  a r e  b a s e d  on m o r p h o lo g i c a l  c h a r a c t e r s  
(S a cc a rd o  1 886) .
The genus Fusar ium  has  been  chosen  f o r  t h e  s t u d y  
o f  t h e  a p p l i c a t i o n  o f  n u m e r i c a l  taxonomy t o  f u n g i  w i t h  t h e  
hope t h a t  t h e  a f f i n i t i e s  r e v e a l e d  by  t h i s  method be tw een  
s e c t i o n s  and s p e c i e s  m igh t  be o f  some v a lu e  i n  t h e  taxonomy 
o f  t h i s  i m p o r t a n t  gen us .
Taxonomie s t u d y  o f  Fusar ium  began  i p  (1809) w i t h  t h e  
d e s c r i p t i o n  o f  t h e  genus by L in k .  W ith in  100 y e a r s  n e a r l y  ' 
1000 s p e c i e s  o f  Fusar ium  had b een  named by m y c o l o g i s t s  a l l  
o v e r  t h e  w o r l d ,  s i n c e  t h e  members o f  t h i s  genus a re  w o r ld  
wide i n  d i s t r i b u t i o n  and e n c o u n t e r e d  i n  a v a r i e t y  o f  s u b s t r a t e s ,  
f o r  example i n  w a t e r ,  s o i l  and p l a n t  t i s s u e s .  P l a n t  d i s e a s e s  
ca u se d  by f u s a r i a  i n c l u d e  d e s t r u c t i v e  b l i g h t s  o f  c e r e a l  c r o p s ,  
w i l t s  and r o o t  r o t s  ô£ some o f  t h e  most i m p o r t a n t  f i e l d  and 
v e g e t a b l e  c rops  and d i s o r d e r s  o f  many o r n a m e n ta l  p l a n t s .  They 
p r o b a b l y  cau se  more l o s s  i n  w o r ld  a g r i c u l t u r e  t h a n  any o t h e r  
f u n g a l  g e n u s .  Some s p e c i e s  o f  Fusar ium  p ro du ce  a n t i b i o t i c s ,  
o t h e r s  m y c o to x in s ,  and some b r i n g  a b o u t  a l c o h o l i c  f e r m e n t a t i o n .
The s p e c i e s  o f  Fusar ium  were  named and d e s c r i b e d  on 
t h e  b a s i s  o f  v e r y  s u p e r f i c i a l  o b s e r v a t i o n s  o f  t h e i r  h a b i t a t  
and t h e i r  s p o r e s  and n o t  upon t h e  whole  o r g a n i s m .  C u l t u r e s  
were n e v e r  made, and f o r  t h i s  r e a s o n  th e  v a r i a b i l i t y  e x i s t i n g  
i n  t h i s  genus was n o t  r e c o g n i s e d .
S in c e  members o f  t h e  genus a re  abundan t  and o f  g r e a t  
economic  i m p o r t a n c e ,  i t  was r e a l i z e d  t h a t  d e t e r m i n a t i o n  o f  
t h e  s p e c i e s  s h o u l d  be  a c c u r a t e  and t h a t  s p e c i e s  s h o u l d  be 
d i s t i n g u i s h e d  from one a n o t h e r  w i t h  c e r t a i n t y ,  f o r  some a re  
l i m i t e d  t o  c e r t a i n  p l a n t s .
R e a l i z a t i o n  t h a t  many o f  t h e  f u s a r i a  a r e  s e r i o u s  p l a n t  
p a th o g e n s  in d u c e d  t h e  German m y c o l o g i s t  W ollenweber  t o  s t u d y  
t h e  genus and d e v i s e  a sy s te m  o f  c l a s s i f i c a t i o n  f o r  i t .  In  
1910 Appel  and W ollenweber  a d v o c a te d  a sys tem  o f  c l a s s i f i c a t i o n  
f o r  F u sar ium  i n  t h e i r  i m p o r t a n t  p a p e r  "G ru nd lag en  e i n é r  
Monographie  d e r  G a t tu n g  Fus arium ( L i n k ) ’’. They d i s c a r d e d  t h e  
sy s tem  i n  which  c e r t a i n  f e a t u r e s  shown on p a r t i c u l a r  n a t u r a l  
s u b s t r a t e s  were u s e d ,  and c o n c lu d ed  t h a t  i t  was i m p o r t a n t  t o  
c u l t u r e  t h e  fungus i n  a d e f i n i t e  manner and u n d e r  a c e r t a i n  
ran g e  o f  e n v i r o n m e n t a l  c o n d i t i o n s  w i t h  t h e  aim o f  p r o d u c i n g  
t h e  ’norm al  t y p e * .  These  a u t h o r s  to o k  t h e  view t h a t  f u s a r i a  
when i s o l a t e d  from n a t u r e  may be i n  a s t a t e  u n s u i t e d  f o r  
taxonom ic  work ,  t h e  so  c a l l e d  ’’A n k u l t u r ’’, b e c a u s e  t h e  c o n i d i a  
a r e  i r r e g u l a r  i n  shap e  and s e p t a t i o n .  By growing  them i n  
c u l t u r e  and r e p e a t e d l y  s u b c u l t u r i n g  by means o f  s p o r e s ,  a
f u r t h e r  s t a g e  te rm ed  " H o c h k u l tu r "  o r  "N o rm k u l tu r"  i s  
o b t a i n e d  w hich  i s  c h a r a c t e r i z e d  by t h e  p r o d u c t i o n  o f  so -  
c a l l e d  ’norm al  c o n i d i a ’ . On f u r t h e r  c u l t i v a t i o n  i t  i s  
sometimes found  t h a t  t h e  fungus  changes a g a i n  t o  a form 
w i t h  a b n o rm a l ly  s m a l l  s p o r e s  w i t h  few s e p t a .  T h is  l a t t e r  
s t a g e  i s  c o n s i d e r e d  t o  be d e g e n e r a t e  and i s  d e s c r i b e d  as 
b e i n g  i n  a s t a t e  o f  ’’A b k u l t u r ’’. Appel and W ollenweber  
s u g g e s t e d  t h a t  ’’A b k u l t u r ’’ and ’’A n k u l t u r ’’ forms o f  t h e  fungus  
sh o u ld  n o t  be c o n s i d e r e d  i n  s p e c i f i c  d e s c r i p t i o n  o f  t h e  
f u n g u s .
Appel and Wollenweber  (1910) a l s o  d i s c a r d e d  t h e  u se  
o f  g e l a t i n  and a g a r  m edia  i n  f a v o u r  o f  n a t u r a l  s u b s t r a t e s .
They made t h e  g e n e r a l  s t a t e m e n t  t h a t  a g a r  and g e l a t i n  m edia  
t e n d  t o  p rod uce  a m y c e l i a l  t y p e  o f  growth  accom pan ied  by 
subnorm al  t y p e s  o f  s p o r e s .  The c r i t e r i a  u se d  i n  t h e i r  
sy s te m  o f  c l a s s i f i c a t i o n  i n c l u d e d  th e  p r e s e n c e  o r  a b sen c e  
o f  m i c r o c o n i d i a ,  and ch lam ydospores  ( t e r m i n a l  o r  i n t e r c a l a r y ) , 
t h e  c o l o u r  and shape  o f  t h e  c o n i d i a ,  t h e  r an ge  o f  s p o r e  
s e p t a t i o n ,  r an g e  o f  s p o r u l a t i o n ,  amount and c h a r a c t e r  o f  
a e r i a l  mycelium and p i g m e n t a t i o n  o f  t h e  s u b s t r a t e .
I n  1924 a c o n f e r e n c e  was h e l d  a t  t h e  U n i v e r s i t y  o f  
W iscon s in  which was a t t e n d e d  by W ollenw eber ,  R e in k in g ,  
S h e r b a k o f f ,  Johann  and B a i l e y  t o  d i s c u s s ,  i d e n t i f y  and 
compare c u l t u r e s  o f  t h e  t r o p i c a l  f u s a r i a  a s  w e l l  as  t h o s e  
from t h e  U n i t e d  S t a t e s .  The p u rp o se  o f  t h e  c o n f e r e n c e  was 
t o  compare c u l t u r e s  a sse m b le d  from a l l  p o s s i b l e  s o u r c e s  and 
i n  t h i s  way t o  c l e a r  up t h e  t a n g l e d  taxonomy o f  t h i s  
i m p o r t a n t  g e n u s .  A l tho u gh  t h e  w ork e r s  were i n  r e a s o n a b l y  
c l o s e  ag reem en t  r e g a r d i n g  t h e  p r i n c i p l e s  o f  c l a s s i f i c a t i o n ,  
t h e r e  were  a number o f  p o i n t s  w hich  were n o t  c l e a r l y  
u n d e r s t o o d .  D i f f e r e n t  l a b o r a t o r i e s  had  been  u s i n g  d i f f e r e n t  
methods f o r  s p e c i e s  i d e n t i f i c a t i o n ,  which  made t h e  p rob lem  
more c o m p l i c a t e d .
S tudy  was made o f  t h e  e n t i r e  c o l l e c t i o n  c o m p r i s in g  
s p e c i e s  from a l l  t h e  s e c t i o n s  o f  t h e  genus F u s a r i u m , 
i n c l u d i n g  b o r d e r - l i n e  s t r a i n s ,  t h e r e b y  making i t  p o s s i b l e  
t o  a r r i v e  a t  an a g re e d  taxonomy o f  t h e  g ro u p .
Appel  and Wollenweber  to o k  t h e  v iew t h a t  f o r  
i d e n t i f i c a t i o n  t h e  f u n g i  must  be grown i n  p u re  c u l t u r e ,  
a l t h o u g h  t h e  c h a r a c t e r s  o f  f u s a r i a  o f  v a lu e  i n  t h e i r  
d e t e r m i n a t i o n  may be p r e s e n t  i n  n a t u r e ,  b u t  some p rod u ce  
few s p o r e s  i n  n a t u r a l  c o n d i t i o n s  and a r e  t h e r e f o r e  d i f f i c u l t  
t o  i d e n t i f y .  A few f u s a r i a  such  as F. dimerum P e n z . ,
F . s c r i p i  Lamb e t  F a u t r . ,  F. culmorum (W. G. Sm.) Sacc .  and 
some o t h e r s  can be d e te r m in e d  d i r e c t l y  when growing  u n d e r  
n a t u r a l  c o n d i t i o n s ,  b u t  o t h e r s  a p p e a r  p r i m a r i l y  i n  a 
m i c r o c o n i d i a l  s t a t e  u n d e r  n a t u r a l  c o n d i t i o n s  and p rod u ce  
o n ly  a few s i c k l e - s h a p e d  s p o r e s  and a r e  so more d i f f i c u l t  t o  
i d e n t i f y .  For  t h e s e  norm al  g row th  must  be p ro d u c e d  by 
f r e q u e n t  t r a n s f e r s  on c u l t u r e  medium. I t  was g e n e r a l l y  
a c c e p t e d  by  a l l  t h e  members o f  t h e  m e e t in g  t h a t  m a c r o c o n i d i a  
a r e  t o  be r e g a r d e d  as  t h e  s p o r e  t y p e  on which t h e  s p e c i e s  
d e s c r i p t i o n  c o u ld  be b a s e d .  In  c e r t a i n  g roups  t h e  
m i c r o c o n i d i a  have a d e f i n i t e  shape  o r  a r e  formed i n  c h a i n s .  
Such c h a r a c t e r s  as t h e s e  a i d  i n  t h e  d e t e r m i n a t i o n  o f  t h e  
s e c t i o n  and i n  some c a s e s  may even make t h e  i d e n t i f i c a t i o n  
o f  s p e c i e s  p o s s i b l e ,  i . e . i T .  p o a e ;^  F. m o n i l i f o r m e  and 
F. d e c e m c e l l u l a r e . O th e r  s t r u c t u r e s  such  as ch la m y d o sp o res  
i n d i c a t e  t h e  b o r d e r  l i n e  o f  c e r t a i n  g roups  ( E le g a n s ,  
L a t e r i t i u m )  o n ly  by t h e i r  a b sen c e  and p r e s e n c e .  S c l e r o t i a  
may a l s o  be  c h a r a c t e r i s t i c  f o r  c e r t a i n  g roups  ( L a t e r i t i u m )  
and a number o f  s p e c i e s .  C o lou r  o f  c o n i d i a ,  a e r i a l  mycelium 
and s t ro m a  a r e  a l s o  r e l i a b l e  c h a r a c t e r s  f o r  taxonomy. O th e r  
c h a r a c t e r s  such  as mycelium, hyphae  w i t h  s p e c i a l i z e d  c e l l s ,  
c o r e m i a - l i k e  s t r u c t u r e s  i n  t h e  hyph ae ,  and a r o m a t i c  o d o u r s ,  
may a l s o  h e l p  i n  t h e  i d e n t i f i c a t i o n  o f  s p e c i e s .
The f o l l o w i n g  p r o p o s a l  f o r  t h e  u se  o f  L a t i n  t r i n o m i a l s  
c o m p r i s in g  g e n u s ,  s p e c i e s ,  v a r i e t i e s  and formae was a p p ro v e d  
by t h e  Committees o f  t h e  American P h y t o p a t h o l o g i c a l  S o c i e t y ,  
t h e  S o c i e t y  o f  Agronomy and M y c o lo g ic a l  s e c t i o n  o f  t h e  
B o t a n i c a l  S o c i e t y  on June  6, 1924, i n  W ash ing ton .  "The 
s p e c i e s  i n c l u d e s  g roups  o f  i n d i v i d u a l s  which can  be  s e p a r a t e d  
on t h e  b a s i s  o f  m o r p h o lo g i c a l  c h a r a c t e r s  o f  su c h  a n a t u r e  
as t o  be a p p l i c a b l e  and u s a b l e  by m y c o l o g i s t s  i n  g e n e r a l ,  and 
which w i l l  be most s e r v i c e a b l e  f o r  p r a c t i c a l  p u r p o s e s .  The 
v a r i e t y  i s  d i s t i n g u i s h e d  by m o r p h o lo g i c a l  c h a r a c t e r s ,  b u t  
l e s s  i m p o r t a n t  t h a n  t h o s e  u sed  f o r  s p e c i f i c  s e g r e g a t i o n .
An a d d i t i o n a l  c a t e g o r y  te rm ed  forma i s  t o  be a p p l i e d  i n  th e  
s u b d i v i s i o n  o f  t h e  s p e c i e s  o r  v a r i e t i e s  c h a r a c t e r i z e d  and 
d i s t i n g u i s h e d  p r i m a r i l y  by p h y s i o l o g i c a l  i n s t e a d  o f  morpho­
l o g i c a l  c h a r a c t e r s ,  though  i n  some i n s t a n c e s  t h e r e  may be 
p r e s e n t  a l s o  some s l i g h t  m o r p h o l o g i c a l ,  d i s t i n g u i s h a b l e  
d i f f e r e n c e s .  The forma i s  d e s i g n a t e d  by an a r a b i c  n u m e r a l . "
Wollenweber  e t  a l  (1925) s u g g e s t e d  t h a t  i n  t h e  s t u d y  
o f  Fusar ium  i t  was a d v i s a b l e  t o  u se  a v a r i e t y  o f  n a t u r a l  o r  
v e g e t a b l e  m edia  f o r  t h e  p r o d u c t i o n  o f  normal  m y c e l i a l  and 
r e p r o d u c t i v e  s t a g e s  f o r  taxonom ic  p u r p o s e s  u n t i l  a s a t i s f a c t o r y  
s y n t h e t i c  medium was fo un d .  A c o m b in a t io n  o f  s e v e r a l  
v e g e t a b l e  m edia  may p rove  v a l u a b l e  i n  some c a s e s .  I n  some 
c a s e s  s p e c i a l  methods must  be employed f o r  t h e  p r o d u c t i o n  o f  
c e r t a i n  p h a s e s .  The ty p e  o f  inocu lum  u se d  i n  s u b c u l t u r i n g  
i n f l u e n c e s  t h e  r e s u l t a n t  g ro w th .  C on t in uo u s  t r a n s f e r  o f  one 
ty p e  o f  inoculum  t e n d s  t o  l e a d  t o  t h e  p r o d u c t i o n  o f  t h e  
c o r r e s p o n d i n g  ty p e  o f  g row th .  They recommended t h a t  f o r  
t h e  p r o d u c t i o n  o f  ab undan t  s p o r e s  t r a n s f e r  s h o u l d  be made 
from s p o r o d o c h ia  o r  p i o n n o t e s .
Brown and Horne (1924) i n  t h e i r  s t u d i e s  o f  t h e  genus 
Fusar ium  have g iv e n  i n t e r e s t i n g  d e t a i l s  o f  t h e  m o d i f y in g  
e f f e c t  o f  t r a n s f e r s  from v a r i o u s  p a r t s  o f  a g iv e n  f u n g u s .
These a u t h o r s  s t a t e d  "That  t h e  r a t e  o f  s p r e a d  o f  c e r t a i n  
c o l o n i e s  f e l l  o f f  a f t e r  a t im e  and was r e d u c e d  ( s t a l i n g ) , 
w h i l e  o t h e r  c o l o n i e s  d e v e lo p e d  i n t o  norm al  s p o r o d o c h i a  o r  
p i o n n o t e s  w i t h  s m a l l  and low s e p t a t e  o r  long  and h i g h  s e p t a t e  
c o n i d i a .  F u r t h e r m o r e ,  " S a l t a n t s "  showing s e c t o r i a l  e f f e c t s  
o f  some s t r a i n s  have  been  p ro d u c e d  i n  F u s a r i a  d e r i v e d  from 
s i x  d i f f e r e n t  i s o l a t i o n s  from a p p l e .  In  t h e  p r e l i m i n a r y  
s t u d i e s  t h e  wide rang e  o f  v a r i a b i l i t y  was c o n s i d e r e d  t o  be 
c o n n e c te d  w i t h  one and t h e  same fungus  F . b la c k m a n i  Brown 
e t  Horne" .
S h e r b a k o f f  (1915) a l s o  found  t h i s  v a r i a b i l i t y  o f  
mycelium and sp o re  c o l o u r  i n  two c l o s e l y  r e l a t e d  s p e c i e s  
o f  i-Fhsar ium  d e s c r i b e d  as  F. a n g u i o i d e s  S he rb .  and F . a n g u i o i d e s  
v a r .  caudatum Sh e rb .  These two o rg an ism s  a r e  c l o s e l y  
r e l a t e d  t o  F . a n th o p h i lu m  i s o l a t e d  from a p p l e s .
E n v i ro n m e n ta l  f a c t o r s  o t h e r  t h a n  t h e  medium, i . e .  
t e m p e r a t u r e ,  h u m id i t y  and l i g h t ,  s h o u ld  a l s o  be t a k e n  i n t o  
c o n s i d e r a t i o n .  Johann  (1923) h a s  shown t h a t  t h e r e  a r e  
i n d i c a t i o n s  i n  some s p e c i e s  t h a t  t h e  t e m p e r a t u r e  has  an 
a p p r e c i a b l e  e f f e c t  upon t h e  m orphology o f  t h e  c o n i d i a  as 
w e l l  as  upon t h e  r a t e  o f  g ro w th .  S i m i l a r l y  h u m i d i t y  and 
l i g h t  a l s o  a f f e c t  t h e  n a t u r e  o f  t h e  c u l t u r e ,  b e c a u s e  i n  
m o is t  m ed ia  p r o d u c t i o n  o f  ch lam ydospores  and s w o l l e n  c o n i d i a  
i s  i n c r e a s e d .  A l l  t h e s e  f a c t o r s  c o n t r i b u t e  t o  t h e  
d i f f i c u l t i e s  e n c o u n t e r e d  i n  comparing  r e s u l t s  from d i f f e r e n t  
l a b o r a t o r i e s .
In  Fusar ium  s p o r o d o c h i a  a r e  r e g a r d e d  as  a f e a t u r e  
o f  im p o r ta n c e  i n  taxonomy. As Wollenweber  e t  a l  (1925) 
s t a t e  " I f  we r e a l i z e  t h e  f a c t  t h a t  t u b e r c u l a r  s p o r o d o c h i a  
w i th  norm al  and u n i fo rm  c o n i d i a  o c c u r  i n  t h e  m a j o r i t y  o f  
F u s a r i a  t h a t  can be e a s i l y  grown i n  p u re  c u l t u r e ,  t h e r e  
w i l l  be no d i f f i c u l t y  i n  j u d g i n g  t h e  norm al  s t a g e s  and ,  
c o n s e q u e n t l y ,  i n  i d e n t i f y i n g  m ost  o f  t h e s e  f u n g i " .  They 
a l s o  s t a t e d  t h a t  t h e y  were aware o f  t h e  p o s s i b i l i t y  o f  
c o n f u s i o n ,  and comment: " I t  s h o u l d  be s t a t e d  a l s o  t h a t  even
c o n i d i a  normal  i n  a p p e a ra n c e  o f t e n  d i f f e r  g r e a t l y  i n  t h e i r  
s i z e  and shape  a c c o r d i n g  t o  where  t h e y  a re  p r o d u c e d ,  w h e th e r  
on mycelium o v e r  a wet s u r f a c e  o r  i n  a d e f i n i t e  spo ro do ch iu m .  
In  t y p i c a l  p i o n n o t e s  long  c o n i d i a  may be produced ,  and i n  
s p o r o d o c h i a  t h e y  may be c o n s i d e r a b l y  s h o r t e r ,  as i n  F. 
v a s i n f e c t u m  A t k . , F. cubense  Erw. F. Sm., F. l y c o p e r s i c i  
( S a c c . )  W r . , and o t h e r s . "  S i m i l a r l y  Wollenweber  e t  a l  (1925) 
have s t a t e d  "The m easu rem en ts  o f  c o n i d i a  on d i f f e r e n t  m ed ia ,  
e s p e c i a l l y  when t h e  s p o r e s  were t a k e n  from d i f f e r e n t  s o u r c e s ,  
such  as mycelium , p i o n n o t e s ,  o r  s p o r o d o c h i a ,  a r e  s i g n i f i c a n t  
i n  t h a t  t h e y  p o i n t  o u t  t h e  p o s s i b l e  d i f f e r e n c e s  t h a t  may 
a r i s e  w i t h i n  t h e  same s p e c i e s  when norm al  s p o r e s  a r e  p ro d u c e d  
u n d e r  v a r i o u s  c o n d i t i o n s " .
S h e r b a k o f f  (1915) recommends growing t h e  f u n g i  " f o r  a 
long  p e r i o d  o f  t im e ,  u n d e r  d i f f e r e n t  c u l t u r a l  c o n d i t i o n s  and 
from d i f f e r e n t  k in d s  o f  m a t e r i a l  f o r  i n o c u l a .  Then,  a f t e r  
o b s e r v a t i o n  o f  a l l  t h e  s t a g e s ,  i t  w i l l  be p o s s i b l e  t o  p i c k  
o u t  e a s i l y  t h e  t y p i c a l  and norm al  one and b a s e  judgem en t  
m a in ly  on t h a t " .  Wollenweber  (1913) s t a t e s  t h a t  t h e  no rm al
s t a g e  can  be r e c o g n i s e d  b e c a u s e  i t  "has  t h e  h i g h e s t  c o n s t a n c y  
i n  a v e r a g e  s i z e ,  c u r v a t u r e ,  s e p t a t i o n ,  c o l o u r ,  and i s  f u r t h e r  
c h a r a c t e r i z e d  by l o n g e v i t y " .  But t h e  prob lem  does n o t  a p p e a r  
t o  be so e a s i l y  s o l v e d ,  and Wollenweber  e t  a l  (1925) a d v i s e d  
" i t  i s  n e c e s s a r y  t o  pay p a r t i c u l a r  a t t e n t i o n  t o  t h e  a v e ra g e  
s i z e  o f  d i f f e r e n t  t y p e s  as grown upon d i f f e r e n t  m ed ia  and 
u n d e r  d i f f e r e n t  c o n d i t i o n s .  A com p ar ison  must  be made o n ly  
o f  c o n i d i a  p r o d u c e d  u n d e r  com parab le  c o n d i t i o n s  and be tw een  
com parab le  s p o r u l a t i o n  t y p e s " .
F o l lo w in g  t h e  recom mendat ions  o f  t h e  c o n f e r e n c e ,  a key 
was p r e p a r e d  f o r  t h e  i d e n t i f i c a t i o n  o f  Fusar ium  s p e c i e s .
There  a r e  15 g roups  o r  s e c t i o n s  r e c o g n i s e d  by W ollenweber  e t  
a l  (1925) -  t h e s e  a r e :  1. E u p io n n o te s  W r. ,  2. A r a c h n i t e s  W r. ,
3. S p o r o t r i c h i e l l a  W r. ,  4. Camptospora  W r. ,  5. A r t h r o s p o r i e l l a  
S h e r b . ,  6. Gibbosum W r. ,  7. Roseum W r. ,  8. L i s e o l a  n . n .
9. L a t e r i t i u m  W r . , 10. D i s c o l o r  Wr. ,  11. S p i c a r i o i d e s  N. Comb., 
12. S a u b i n e t i i  W r . , 13. E le g a n s  W r . , 14. M a r t i e l l a  W r . , and 
15.  VentriCOsum Wr.
F o l lo w in g  t h e  p u b l i c a t i o n  o f  "G run d lag e n "  by Appel 
and W ollenweber  (1910) s e v e r a l  Fusar ium  w ork e rs  r e a l i z e d  
t h a t  c e r t a i n  c h a r a c t e r s  such  as  ran g e  o f  s p o r u l a t i o n  t y p e  
( p i o n n o t a l  o r  s p o r o d o c h i a l ) , r an g e  o f  s p o r e  s e p t a t i o n ,  
p r e s e n c e  o f  s c l e r o t i a ,  ty p e  o f  a e r i a l  mycel ium, and p igm en ­
t a t i o n ,  p r o v e d  more v a r i a b l e  f o r  taxonom ic  s t u d i e s  t h a n  
p r e s e n c e  o r  a b sence  o f  m i c r o c o n i d i a  and ch la m y d o sp o res  
( t e r m i n a l  o r  i n t e r c a l a r y )  and t h e  c o l o u r  and shape  o f  t h e  
c o n i d i a  (Brown and Horne 1926;  H a n s fo rd  1926; Brown 1 9 2 8 ) .
Brown and Horne (1926) and Horne and M i t t e r  (192 7) 
have shown t h a t  b o t h  t h e  d e g re e  o f  s e p t a t i o n  o f  c o n i d i a  and 
t h e i r  a p p e a ra n c e  can be m o d i f i e d ,  e i t h e r  by a l t e r i n g  t h e  
r a t i o  o f  c e r t a i n  c o n s t i t u e n t s  o f  t h e  medium o r  by a l t e r i n g  
t h e  c o n c e n t r a t i o n  o f  t h e  medium u s e d .  S p a rse  s e p t a t i o n  i s  
p ro d u c e d  by a h ig h  c o n c e n t r a t i o n  o f  n i t r o g e n o u s  c o n s t i t u e n t s  
i n  t h e  medium, and by o t h e r  f a c t o r s  such  as an a c i d  o r  
a l k a l i  r e a c t i o n .
Brown (1928) a g re e d  w i t h  c e r t a i n  recom m endat ions  made 
by Appel and Wollenweber  " t h a t  t h e  fungus  must  be c u l t i v a t e d  
i n  a d e f i n i t e  manner and u n d e r  c e r t a i n  r an g e  o f  e n v i r o n m e n t a l
c o n d i t i o n s  and a l s o  t h a t  i n c r e a s e d  t e m p e r a t u r e  r e d u c e s  t h e  
d e g re e  of  s e p t a t i o n  o f  t h e  s p o r e s ,  and p r e s e n c e  o r  a b sen ce  
o f  l i g h t  a f f e c t s  t h e  amount and t im e  o f  i n c i d e n c e  o f  
s p o r u l a t i o n  and a l s o  t h e  c o l o u r  o f  t h e  mycelium and d e g re e  
o f  s e p t a t i o n  i s  abnormal  i n  v e r y  young and a l s o  i n  o l d  s t a l e  
c u l t u r e s " .
S i m i l a r  o b s e r v a t i o n s  on t h e  e f f e c t  o f  l i g h t  on 
taxonom ic  c h a r a c t e r s  im -FBsarium were a l s o  r e c o r d e d  by 
Brown (1 9 2 8 ) ,  H a r t e r  (1939) and Snyder  and Hansen (1 9 4 1 ) .  
Snyder  and Hansen (1941) s t a t e  " I t  i s  c o n c lu d e d  t h a t  such  
c h a r a c t e r s  as  c o l o u r ,  z o n a t i o n ,  ty p e  o f  c o lo n y ,  p r e s e n c e  
o r  a b sen ce  o f  s p o r o d o c h i a ,  s i z e ,  shape  and s e p t a t i o n  o f  
m a c r o c o n i d i a  and even t h e  o c c u r r e n c e  o f  p e r i t h e c i a l  s t a g e s  
can n o t  be employed s u c c e s s f u l l y  i n  taxonomy u n l e s s  t h e s e  
f u n g i  a r e  grown i n  a d e q u a te  l i g h t " .
The u se  o f  t h e  t e rm s  ^ A n k u l tu r "  " H o c h k u l tu r "  and 
" A b k u l tu r "  im p ly in g  a k i n d  o f  e v o l u t i o n a r y  change unde rg o ne  
by a fungus  i n  r e s p o n s e  t o  t h e  c o n d i t i o n s  o f  a r t i f i c i a l  
c u l t u r e  i s  t o  a c e r t a i n  e x t e n t  u n f o r t u n a t e  (Brown 1928) .
Brown (1928) s t a t e d  t h a t  " t h e  deve lopm ent  o f  ’H ochk u l tu r*  
from ’A n k u l t u r ’ form i s  due t o  t h e  o c c u r r e n c e  o f  s a l t a t i o n  
i n  t h e  l a t t e r  and e l i m i n a t i o n  o f  t h e  p a r e n t  form by 
a c c i d e n t  o r  by u n c o n s c io u s  s e l e c t i o n " .  M i l l e r  (1945,  19460
<l,b‘
has  shown t h a t  f u s a r i a  when i s o l a t e d  from n a t u r e  do n o t  
p ro du ce  m a c r o c o n i d i a  on m o i s t  m ed ia ,  b u t  when s e v e r a l  
t r a n s f e r s  a r e  made t h e  p o o r l y - s p o r i n g  s t a t e  i s  r e p l a c e d  by 
a m u ta n t  which b e a r s  ab un d an t  s p o r e s .  T h is  c o r r e s p o n d s  
t o  W o l len w eb e r ’ s c o n c e p t i o n  o f  t h e  ’norm al  c o n d i t i o n ’ , b u t  
i t  seems t h a t  t o  o b t a i n  a ’norm al  c u l t u r e ’ t h e  w i l d  t y p e  i s  
d i s p l a c e d  by  a m u ta n t  and so we a re  d e a l i n g  w i t h  a  m u ta n t  
i n s t e a d  o f  a ’norm al  c u l t u r e ’ .
Brown (1928) t h e r e f o r e  s u g g e s t e d  t h a t  t h e  s p e c i f i c  
d e s c r i p t i o n  sh o u ld  r e f e r  n o t  m e r e ly  t o  an o rgan ism  i n  
’H o c h k u l t u r ’ s t a t e ,  b u t  t h a t  i t  s h o u ld  i n c l u d e  a l l  t h e  s t a g e s ;  
and he p o i n t e d  o u t  t h a t  some o f  t h e  c r i t e r i a  a t  p r e s e n t  
ad o p te d  a re  unsound due t o  t h e  w id e s p r e a d  o c c u r r e n c e  o f  
s a l t a t i o n s  and a r e v i s i o n  o f  t h e  p r e s e n t  sys tem  o f  
c l a s s i f i c a t i o n  i s  r e q u i r e d .
H a n s fo rd  (1926) a l s o  s u p p o r t e d  t h e  v iew  e x p r e s s e d  by 
Brown (1928) t h a t  t h e  genus  Fusar ium  i s  ove r  c l a s s i f i e d ,  and 
t h a t  a c o n s i d e r a b l e  number o f  t h e  s p e c i e s  l i s t e d  s h o u l d  be 
r e d u c e d  t o  v a r i e t i e s .  T h is  c o n c l u s i o n  i s  b a s e d  on h i s  s t u d y  
o f  t h e  w i l t  d i s e a s e  o f  Banana.  H a n s fo rd  i s o l a t e d  a l a r g e  
number o f  s t r a i n s  o f  F u s a r iu m , t h e  m a j o r i t y  o f  them b e in g  o f  
t h e  E le g a n s  t y p e .  As a r e s u l t  o f  c u l t u r a l  s t u d i e s  he came 
t o  t h e  c o n c l u s i o n  t h a t  t h e  whole p l e g a n s  s e c t i o n  s h o u l d  be 
r e d u c e d  t o  a s i n g l e  s p e c i e s .
F o l lo w in g  t h e  p u b l i c a t i o n  o f  Appel and W o l le n w e b e r ' s  
(1910) f i r s t  p a p e r ,  t h e  c l a s s i f i c a t i o n  o f  t h e  s p e c i e s ,  
v a r i e t i e s ,  and forms o f  Fusar ium  g r a d u a l l y  d e v e lo p e d  i n t o  a 
w i d e ly  r e c o g n i s e d  sy s te m  o f  taxonomy. T h is  sy s tem  became 
known as t h e  "Wollenweber  sy s te m "  and was p r e s e n t e d  by 
Wollenweber and R e in k in g  i n  1935 i n  "Die F u s a r i e n " .
A cco rd in g  t o  t h i s  sys tem  o f  c l a s s i f i c a t i o n  t h e  1000 o r  more 
h i t h e r t o  d e s c r i b e d  s p e c i e s  o f  Fusar ium  were r e d u c e d  t o  65 
s p e c i e s ,  55 v a r i e t i e s  and a few formae a r r a n g e d  i n t o  16 
s e c t i o n s  w i t h /ôowvz s u b s e c t i o n s  .
The p r i n c i p l e  o f  c l a s s i f i c a t i o n  a d v o c a te d  by 
W ollenweber  and h i s  coworkers  h a s  u n d o u b te d ly  s u c c e e d e d  i n  
g i v i n g  th e  genus a sem blance  o f  o r d e r ,  and r e p r e s e n t s  an 
o u t s t a n d i n g  ach iev e m e n t  i n  o r g a n i z i n g  th e  vo lum inous  and 
s c a t t e r e d  d a t a .  However, s p e c i e s  d i s t i n c t i o n s  were 
c o n s i d e r e d  by o t h e r  w o rk e rs  t o  be to o  n a r r o w ly  drawn, w i t h  
t h e  r e s u l t  t h a t  many u n n e c e s s a r y  s p e c i e s  rem a in e d .
(Brown and Horne 1926; H a n s fo rd  1926; Brown 1928; H a r t e r ,  
1 941) .  Some o f  t h e  i n v e s t i g a t o r s  have o b s e r v e d  t h a t  
v a r i a n t s  o f  a g iv e n  s p e c i e s  c r o s s  n o t  o n ly  t h e  b o u n d a r i e s  
o f  s p e c i e s  b u t  i n  some c a s e s  t h o s e  o f  s e c t i o n s  a l s o  (Oswald,  
1949) .
R e a l i z i n g  t h a t  a wide ran g e  o f  v a r i a b i l i t y  e x i s t s  i n  
i s o l a t e s  o f  Fusar ium  s p e c i e s ,  Snyder  and Hansen (1940) saw 
th e  n eed  f o r  r e v i s i n g  t h e  Wollenweber  sys tem  o f  c l a s s i f i c a t i o n .  
T h e i r  r e v i s i o n  began  w i t h  t h e  s e c t i o n  E le g a n s .  T h i s  s e c t i o n  
i s  v e r y  i m p o r t a n t  t o  p l a n t  p a t h o l o g i s t s  b e c a u s e  i t  i n c l u d e s  
most  o f  t h e  forms which  cause  v a s c u l a r  w i l t s .  A c c o rd in g  
t o  Wollenweber  and R e in k in g  (1935) t h e  E le g an s  s e c t i o n  
c o n t a i n s  t h r e e  s u b s e c t i o n s  ( o r t h o c e r a ,  oxysporum & c o n s t r i c t u m )
i n t o  which a re  p l a c e d  10 s p e c i e s ,  18 v a r i e t i e s ,  and 12 forms 
b a s e d  on d i f f e r e n c e  i n  sp o r e  l e n g t h ,  w i d t h ,  s e p t a t i o n ,  
p r e s e n c e  o r  ab sen ce  o f  s p o r o d o c h i a  and s c l e r o t i a .  A l a r g e  
number o f  i s o l a t e s  b e l o n g i n g  t o  t h i s  group were c o l l e c t e d  
from a l l  o v e r  t h e  w o r ld .  Each o f  t h e s e  i s o l a t e s  was s t a r t e d  
as a s i n g l e  s p o r e  c u l t u r e  u s i n g  t h e  method o f  Hansen and 
Smith (19 3 2 ) .  S e v e r a l  h u n d red  s u b c u l t u r e s  were t h e n  made 
o f  each  i s o l a t e  and s t u d i e d  i n  o r d e r  t o  d e t e c t  a l l  p o s s i b l e  , 
v a r i a n t s .
These s i n g l e - s p o r e  c u l t u r e s  showed g r e a t  v a r i a b i l i t y  
i n  s p o r e  l e n g t h ,  w i d t h ,  s e p t a t i o n ,  k i n d  and i n t e n s i t y  o f  
p igm ent  and p r e s e n c e  o r  a b sen ce  o f  s p o r o d o c h i a .  The e x t e n t  
o f  t h i s  v a r i a t i o n  i s  such  t h a t  t h e  p ro g en y  o f  a s i n g l e  sp o r e  
c o u ld  be p l a c e d  i n  d i f f e r e n t  s p e c i e s  and even i n  d i f f e r e n t  
s u b s e c t i o n s ;  f o r  exam ple ,  t h e  w a t e r  melon w i l t  Fusar ium  
b e l o n g i n g  i n  s u b s e c t i o n  C o n s t r i c tu m  gave r i s e  t o  p ro g e n y  
which  f e l l  i n t o  t h e  s u b s e c t i o n s  O r t h o c e r a ,  Oxysporüm as 
w e l l  as C o n s t r i c tu m .
As a r e s u l t  o f  t h e s e  s t u d i e s  a l l  t h e  members o f  
s e c t i o n  E le g an s  were  p l a c e d  i n  a s i n g l e  s p e c i e s ,  Fusar ium  
Oxysporum, on t h e  s o l e  b a s i s  o f  m orpho logy .  T h is  l a r g e  
s p e c i e s  t h e r e f o r e  c o n t a i n s  numerous c l o n e s ,  a l l  o f  them 
u n i t e d  by a common c h a r a c t e r ,  t h e  shape  o f  t h e  m a c r o c o n i d i a .
The p a t h o g e n i c  formae a re  r e c o g n i s e d  on a s u b s p e c i f i c  l e v e l  
as formae s p é c i a l e s  a c c o r d i n g  t o  t h e i r  s e l e c t i v e  p a t h o g e n i c i t y .
Snyder  and Hansen (1941) a p p l i e d  t h e  same m ethod  as 
Hansen and Smith  (1932) i n  o r d e r  t o  d e te r m in e  t h e  ra n g e  o f  
v a r i a t i o n  d i s p l a y e d  by t h e  members o f  t h e  s e c t i o n s  M a r t i e l l a  
and V e n t r ic o su m .  A c co rd in g  t o  W ollenweber  and R e in k in g  (1935) 
t h i s  s e c t i o n  c o n t a i n s  2 g e n e r a ,  5 s p e c i e s ,  10 v a r i e t i e s  and 
4 forms which  a r e  most  f r e q u e n t l y  found  as v i r u l e n t  p a r a s i t e s  
and s a p r o p h y t e s .  The s p e c i e s  d i f f e r e n t i a t i o n  i n  t h i s  
s e c t i o n  a re  b a s e d  on sp o r e  l e n g t h ,  w i d t h ,  c u r v a t u r e ,  b l u n t ­
n e s s  o f  a p i c a l  c e l l  o f  m a c r o c o n i d i a ,  s e p t a t i o n ,  c o lo n y  
a p p ea ra n c e  and p i g m e n t a t i o n .
A l l  a v a i l a b l e  members o f  t h i s  group were a s se m b le d  
and 20 s i n g l e - s p o r e  c u l t u r e s  o f  a l l  100 c u l t u r e s  w ere  made 
on P o t a t o  D e x t ro s e  a g a r  and grown u n d e r  t h e  same c o n d i t i o n s .
Micro  and m a c r o s c o p ic  o b s e r v a t i o n s  were  made and t h e  p a r a s i t i c  
and s a p r o p h y t i c  n a t u r e  o f  t h e s e  f u n g i  was s t u d i e d .  S e v e r a l  
h u n d re d  s i n g l e  a s c o s p o r e  c u l t u r e s  were p r e p a r e d  from a s i n g l e  
p e r i t h e c i u m .  These were p a i r e d  i n  a l l  p o s s i b l e  c o m b in a t io n s  
w i t h  each  o t h e r  and w i t h  t h e  p a r e n t ,  and t h e  p ro g en y  c o l l e c t e d  
as s i n g l e - s p o r e  c u l t u r e s .  A l l  t h e s e  i n d i v i d u a l s  e x h i b i t e d  a 
v a r i a t i o n  i n  c o lo n y  m orpho logy ,  growth r a t e ,  p i g m e n t a t i o n  o f  
t h e  s u b s t r a t e ,  mycelium and s p o r e  m a s s e s ,  p r e s e n c e  o r  a b sen ce  
o f  s c l e r o t i a ,  s p o r o d o c h i a  and p i o n n o t e s ,  s p o r e  l e n g t h ,  w id th  
and s e p t a t i o n ,  and were found  t o  be u n r e l i a b l e  f o r  s p e c i e s  
d e l i m i t a t i o n s .
T ak ing  i n t o  a cc o u n t  t h e  e x t e n t  o f  v a r i a b i l i t y  e x h i b i t e d ,  
Snyder  and Hansen (1941) p ro p o s e d  combin ing  a l l  t h e  f u n g i  i n  
t h e  s e c t i o n s  M a r t i e l l a  and V e n t r i c o su m ,  i n c l u d i n g  t h e  
a s c i g e r o u s  s t a g e ,  i n t o  a s i n g l e  s p e c i e s ,  Fusa r iu m  s o l a n i .
T h is  s p e c i e s  was f i r s t  d e s c r i b e d  by V. M a r t iu s  (1842) as 
F u s i s p o r iu m  s o l a n i  and l a t e r  t r a n s f e r r e d  by Appel  and 
W ollenweber  (1910) t o  F u s a r iu m . T h is  l a r g e  s p e c i e s  i s  
composed o f  numerous i n d i v i d u a l s  u n i t e d  by t h e  common 
c h a r a c t e r  o f  sp o r e  shape  and t h e  p r e s e n c e  o f  ch lam y d o sp o res  
and m i c r o c o n i d i a .  The p a r a s i t e s  a r e  d e s i g n a t e d  as formae 
o f  t h i s  s p e c i e s  b a s e d  s im p ly  on p a t h o g e n i c i t y .  The p e r f e c t  
s t a g e  i s  r e p r e s e n t e d  by t h e  b i n o m i a l  Hypomyces s o l a n i .
In  c o m p le t in g  th e  r e v i s i o n  o f  th e  taxonomy and 
n o m e n c la tu r e  o f  Fusar ium  s p e c i e s  Snyder  and Hansen (1945) 
employed t h e  s i n g l e - s p o r e  method o f  Hansen and Smith  (1932) 
f o r  a n a l y s i s  i n  o r d e r  t o  d e te r m in e  th e  ran ge  o f  v a r i a b i l i t y  
i n  t h e  r e m a in d e r  o f  t h e  g e n u s .
A u t h e n t i c  c u l t u r e s  o f  Fusar ium  s p e c i e s  were  o b t a i n e d  
from a l l  p o s s i b l e  s o u r c e s  r e p r e s e n t i n g  t h e  s e c t i o n s  A r a c h n i t e s ,  
D i s c o l o r ,  Roseum, A r t h r o s p o r i e l l a ,  Gibbosum, L a t e r i t i u m ,  
L i s e o l a ,  E u p io n n o t e s ,  M acrocon ia  and V e n t r i c o su m .  Of t h e  
16 s e c t i o n s  i n t o  which  W ollenweber  and R e in k in g  (1935) 
d i v i d e  t h e  genus F u sa r ium  o n ly  t h r e e  s m a l l  s e c t i o n s  c o m p r i s i n g  
f o u r  s p e c i e s  were n o t  s t u d i e d .  When s i n g l e - s p o r e  c u l t u r e s  
o f  a l l  t h e  142 i s o l a t e s  were  made, one t o  s e v e r a l  v a r i a n t s  
were  o b t a i n e d  from each  i s o l a t e  and t h e s e  i n  t u r n  y i e l d e d  
a d d i t i o n a l  v a r i a n t s .  Records  o f  t h e  m ic ro  and m a c r o s c o p ic  
c h a r a c t e r s  o f  t h e s e  i s o l a t e s  have p r o v i d e d  enough d a t a  f o r  a
r e v i s i o n  i n  c l a s s i f i c a t i o n  t o  be made. The r e s u l t s  from 
t h e s e  s t u d i e s  have  shown t h a t  t h e  r e c o r d e d  number o f  s p e c i e s  
f a r  e x ce ed s  t h a t  which may be d i s t i n g u i s h e d  r e a d i l y  and 
t h a t  c r i t e r i a  upon which t h e  s e c t i o n s  a r e  b a s e d  a re  u n r e l i a b l e .
Wollenweber  and R e in k in g  (1935) k e p a r a t e d  t h e  s e c t i o n s  
Roseum, D i s c o l o r ,  A r t h r o s p o r i e l l a  and Gibbosum p r i n c i p a l l y  on 
t h e  b a s i s  o f  t h e  p r e s e n c e  o r  a b sen ce  o f  t e r m i n a l  o r  i n t e r c a l a r y  
ch lam ydospores  and t h e  p r e s e n c e  o r  ab sen c e  o f  s p o r o d o c h i a ,  
a l t h o u g h  o t h e r  c h a r a c t e r s  such  as f o o t  c e l l  d e v e lo p m e n t ,  s i z e ,  
s h a p e ,  s e p t a t i o n  and d e g re e  o f  c u r v a t u r e  o f  m a c r o c o n i d i a ,  
c o l o u r  o f  s t r o m a t a ,  s c l e r o t i a  and mycelium, and manner o f  
con id ium  p r o d u c t i o n ,  were  a l s o  i n c l u d e d .  G r e a t e s t  em phas is  
was p l a c e d  on th e  p r e s e n c e  o f  c h la m y d o s p o re s .
A c co rd in g  t o  Snyder  and Hansen a l l  t h e s e  c h a r a c t e r s  
a re  u n s t a b l e  and u nd ep en d a b le  f o r  taxonom ic  s t u d i e s ,  due t o  
t h e  e x i s t e n c e  o f  so much v a r i a b i l i t y  i n  t h e s e  f u n g i .  They 
have  shown t h a t  s i n g l e - s p o r e  c u l t u r e s  o f  f u n g i  i n  t h e  s e c t i o n  
Roseum a t  t im e s  p ro d u ce  v a r i a n t s  which form ch lam y d o sp o res  as 
a b u n d a n t ly  as t h o s e  i n  Gibbosum, and v a r i a n t s  o f  i s o l a t e s  i n  
Gibbosum f a i l  t o  p ro d u ce  c h la m y d o s p o re s .  The s e c t i o n  D i s c o l o r  
has  b een  d e s c r i b e d  as h a v in g  a t  l e a s t  i n t e r c a l a r y  and som etim es 
t e r m i n a l  c h la m y d o sp o res ,  b u t  i n  s e v e r a l  v a r i a n t s  o f  F. 
graminearum Schwabe o f  t h i s  s e c t i o n  no ch lam y do spo res  a t  a l l  
were  form ed,  w h i l e  i n  o t h e r  v a r i a n t s  bot{r t y p e s  o f  ch lamydo­
s p o r e s  were  p r e s e n t .  S i m i l a r l y ,  Snyder  and Hansen have  shown 
t h a t  th e  p r e s e n c e  o r  ab sen c e  o f  s c l e r o t i a  and s t r o m a t a  and t h e  
c o l o u r  o f  s c l e r o t i a  a re  a l s o  u n s u i t a b l e  f o r  t ax o n om ic  p u r p o s e s .  
Whether  o r  n o t  c o n i d i a  a r e  p ro d u c e d  i n  s p o r o d o c h i a  i s  a l s o  
known t o  be an u n r e l i a b l e  c h a r a c t e r  ( R a i l l o  1935, S ny d e r  and 
Hansen 1940,  1 9 4 1 ) .
Snyder  and Hansen (1 9 4 5 ) ,  i n  d i s c u s s i n g  W ollenw eber  and 
R e i n k i n g ’s (1935) c l a s s i f i c a t i o n ,  made th e  s t a t e m e n t  " I t  i s  n o t  
t h e  i n t e n t  h e r e  t o  im ply  t h a t  c h a r a c t e r s ,  p r e v i o u s l y  u s e d  f o r  
s e p a r a t i n g  F u s a r i a ,  a r e  o f  no v a l u e ,  n o r  i s  i t  t o  be  i n f e r r e d  
a t  a l l  t h a t  no F u s a r i a  can be i d e n t i f i e d  d e f i n i t e l y  by  t h e  
e x i s t i n g  sy s te m .  On t h e  c o n t r a r y ,  i t  i s  f r e q u e n t l y  p o s s i b l e  
t o  p l a c e  w i t h  p r e c i s i o n  a g iv en  i s o l a t e  i n  i t s  p r o p e r  p o s i t i o n  
i n  W ollenweber  and R e i n k i n g ’s (1935) c l a s s i f i c a t i o n  a t  a g iv e n  
t i m e .  But i t  i s  when an i s o l a t e  seems t o  s t r a d d l e  s p e c i e s  
l i n e s ,  o r  even s e c t i o n a l  l i n e s ,  t h e n  th e  sy s te m  b r e a k s  down.
l o r  TOO o i t e n  an i s o l a t e  a p p e a r s  t o  t i t  p o s s i b l y  i n t o  a number 
o f  s p e c i e s  b u t  n o t  c e r t a i n l y  i n t o  any o n e , "  They f u r t h e r  
s t a t e d  "A no th e r  s e r i o u s  breakdown i n  th e  sy s te m  o c c u r s  when 
f u n g i  which  o r i g i n a l l y  may have  been  s p e c i f i c a l l y  i d e n t i f i e d  
a r e  r e - e x a m in e d  and r e - i d e n t i f i e d  a f t e r  a p e r i o d  i n  c u l t u r e ,  
f o r  t h e n  i t  may be found  t h a t  t h e  f i r s t  and se c o n d  i d e n t i f i c a t i o n  
do n o t  a g r e e ,  p e rh a p s  n o t  even  i n  r e s p e c t  t o  s e c t i o n  c h a r a c t e r s . "
In  p a t h o g e n i c i t y  t e s t s ,  s e v e r a l  s p e c i e s  i n  t h e  s e c t i o n s  
Roseum, Gibbosum and D i s c o l o r  a r e  a s s o c i a t e d  i n  n a t u r e  w i t h  
r o o t  r o t  o f  c e r e a l s  and t h e  ty p e  o f  symptoms p ro d u c e d  by them 
i s  s i m i l a r .  There  a r e o a l s o  d i s e a s e s  o f  c ro p s  o t h e r  t h a n  
c e r e a l s  which have  been  a s c r i b e d  t o  s p e c i e s  o f  Fusar ium  
b e l o n g i n g  t o  t h e  Roseum, D i s c o l o r ,  Gibbosum and A r t h r o s p o r i e l l a  
s e c t i o n s .
Because  such  o b s e r v a t i o n s  have  been  made, S nyder  and 
Hansen p ro p o se  t o  bombine a l l  s p e c i e s ,  v a r i e t i e s  and forms o f  
t h e  f o u r  s e c t i o n s  D i s c o l o r ,  Roseum, Gibbosum and A r t h r o s p o r i e l l a  
i n t o  one s p e c i e s ,  t h e  name o f  which  on t h e  b a s i s  o f  p r i o r i t y  
and u s a g e ,  becomes F. roseum ( L k . ) .  The name F.  roseum i s  
one o f  t h e  o l d e s t  b i n o m i a l s  i n  t h e  genus F u sa r i u m , h a v in g  b een  
a p p l i e d  i n  (1809/by L in k .  Those members o f  t h e s e  s e c t i o n s  which  
cause  s e e d l i n g  b l i g h t ,  r o o t  o r  f o o t  r o t  o r  h e ad  b l i g h t  o f  
c e r e a l s  a r e  f u r t h e r  d i s t i n g u i s h e d  by th e  forma name c e r e a l i s  
(Cke.) t o  i n d i c a t e  p a t h o g e n e s i s . Those p a th o g e n s  t h e n  became 
known u n d e r  t h e  t r i n o m i a l ,  F .  roseum f .  c e r e a l i s  (C ke . )  n.Comb. ,  
w h i l e  members o f  t h i s  s p e c i e s  n o t  p a t h o g e n i c  on c e r e a l s  a r e  
s im p ly  F .  ro seum .
S i m i l a r l y  t h e  p e r f e c t  s p e c i e s  names a r e  a l s o  r e d u c e d  t o  
one ,  namely G i b b e r e l i a  roseum n .  Comb, and G i b b e r e l l a  roseum 
f . c e r e a l i s  becomes t h e  p e r i t h e c i a l  s t a t e  o f  F. roseum f . 
c e r e a l i s .
Snyder  and Hansen (1945) f o l l o w e d  t h e  same e x p e r i m e n t a l  
p r o c e d u r e  i n  th e  taxonom ic  t r e a t m e n t  o f  t h e  r e m a in i n g  s e c t i o n s ,  
L a t e r i t i u m ,  S p o r o t r i c h i e l l a ,  L i s e o l a ,  E u p io n n o t e s ,  M a c ro c o n ia ,  
A r a c h n i t e s  and V e n t r ic o su m ;  i n  d e t e r m i n i n g  t h e i r  v a r i a b i l i t y  
by means o f  t h e  s i n g l e  s p o r e  m ethod .  Members o f  t h e  s e c t i o n s  
S u b m ic ro c e ra  and P s e u d o m ic ro c e ra  were  a r b i t r a r i l y  combined i n t o  
one ,  b e c a u s e  o f  t h e  s i m i l a r i t y  i n  t h e  d e s c r i p t i o n s  o f  t h e  
s p e c i e s .  These s e c t i o n s  were combined as F.  c i l i a t u m .
The v a r i o u s  b i n o m i a l s  a p p l i e d  t o  t h e  a scu s  s t a g e s  a re  a l s o  
r e d u c e d  t o  one ,  C o l o n e c t r i a  c i l i a t u m  n .  Com^. In  t h e  s e c t i o n  
S p i c a r i o i d e s  o n ly  one s p e c i e s  has  b een  d e s c r i b e d ;  t h i s  was 
n o t  a v a i l a b l e  f o r  s t u d y  and was t h e r e f o r e  t e m p o r a r i l y  r e t a i n e d  
as a d o u b t f u l  s p e c i e s  u n d e r  t h e  name F. r i g i d i u s c u l u m  C= F. 
d e c e m c e l l u l a r e ) , w i t h  i t s  p e r f e c t  s t a g e  as C a l o n e c t r i a  ?
r i g i d i u s c u l a .
A l th ou g h  r e t a i n i n g  much o f  t h e  b a s i c  taxonom ic  
o r g a n i z a t i o n  o f  t h e s e  f u n g i  employed by W ollenweber  and 
R e in k in g  (1 9 3 5 ) ,  Snyder  and Hansen (1940,  1941,  1945) d i s t i n g u i s h  
a l t o g e t h e r  o n ly  e i g h t  s p e c i e s ,  no v a r i e t i e s  and 34 forms 
( m o s t ly  i n  F. oxysporum. ) . There  a r e  i n  a d d i t i o n  two d o u b t f u l  
s p e c i e s  l i s t e d .  T h e r e f o r e  Snyder  and H a n se n ’s s y s te m  has  
e i g h t  m o r p h o l o g i c a l l y  d i s t i n c t  u n i t  g ro u p in g s  ( s p e c i e s )  i n s t e a d  
o f  121 m o r p h o lo g i c a l  g ro u p in g s  ( s p e c i e s  and v a r i e t i e s ) .  The 
34 forms a r e  d e te r m in e d  s o l e l y  upon d i s t i n c t i v e  p a t h o g e n e s i s  
on a p a r t i c u l a r  h o s t  o r  a group o f  h o s t s  and n o t  by  morpho­
l o g i c a l  o r  c u l t u r a l  c h a r a c t e r s .
The f o l l o w i n g  i s  a summary o f  s p e c i e s  and forms 
p ro p o s e d  by Snyder  and Hansen (1940,  1941, 1945) i n  t h e  genus 
Fusar ium  w i t h  t h e i r  a s c i g e r o u s  g e n e r a :
1.  Fusar ium  e p i s p h a e r i a : N e c t r i a  e p i s p h a e r i  a
Fu eT isphaer ia  f . c o c o p h i l a : N» e p i s p h a e r i a  f .
c o c o p h i l a
2 .  F. t r i c i n c t u m
F . t r i c i n c t u m  f . poae
3.  F. n i v a l e  : C a l o n e c t r i a  n i v a l e
F.  n i v a l e  f . g r a m i n i c o l a : C. n i v a l e  f . g r a m i n i c o l a
.4. F. roseum : G i b b e r e l l a  roseum
F. roseum f . c e r e a l i s  : G. roseum f . c e r e a l i s
5 .  F. l a t e r i t i u m  : G. l a t e r i t i u m
6. F . m o n i l i f o r m e  : G. m o n i l i f o r m e
.7. F. oxysporum
F . oxysporum f
8 .  F .  s o l a n i  : Hypomyces s o l a n i
F .  s o l a n i  f J i ^ e d i c i e - s  :H. s o l a n i  f oyvwo
D o u b t fu l  s p e c i e s
F.  c i l i a t u m  : C a l o n e c t r i a  c i l i a t u m  
F . r i g i d i u s c u l a  : C. r i g i d i u s c u l a
S n y d e r ,  Hansen and Oswald (1957) make f i r s t  m e n t io n  
o f  t h e  c o n c e p t  o f  ’h o r t i c u l t u r a l  v a r i e t i e s ’ o r  ’ c u l t i v a r s *  
a te rm  d e v i s e d  t o  meet t h e  p rob lem  o f  h a n d l i n g  d i s t i n c t i v e  
c lo n e s  o f  Fusar ium  s p e c i e s  a t  s u b s p e c i f i c  l e v e l .  The te rm  
’h o r t i c u l t u r a l  v a r i e t y ’ has  been  w i d e ly  u se d  i n  h i g h e r  p l a n t s .
In  Fusar ium  s i x  c u l t i v a r s  were p ro p o s e d  f o r  n o n p a th o g e n ic  
t y p e s  o f  F.  roseum u s i n g  s p e c i e s  names f o r m e r l y  r e t a i n e d  i n  
W ollenweber  and R e i n k i n g ’ s c l a s s i f i c a t i o n ;  f o r  exam ple ,
F .  roseum "culmorum",  F.  roseum "Graminearum",  F. roseum 
"Avenaceum",. F. roseum "Acuminatum", and so  on .  I n  t h e  same 
manner a c u l t i v a r  was r e c o g n i s e d  f o r  F. oxysporum, i . e .
F. oxysporum " R e d o le n s"  and f o r  F. s o l a n i , i . e .  F.  s o l a n i  
"C oeru leum " .  Two c u l t i v a r s  were  p ro p o se d  f o r  F.  e p i s p h a e r i a  
and a s i n g l e  c u l t i v a r  s u g g e s t e d  f o r  F.  m o n i l i f o r m e . A l l  
c u l t i v a r s  p ro p o s e d  were b a s e d  on c u l t u r a l  c h a r a c t e r s .
W ai te  and S t o v e r  (1960) p r o p o s e d  f o u r  m o r p h o l o g i c a l  
g ro u p in g s  o r  c u l t i v a r s  f o r  F. oxysporum f . c u b e n s , on t h e  
b a s i s  o f  r a n g e  i n  c u l t u r a l  v a r i a b i l i t y  shown on P o t a t o -  
D e x t r o s e  a g a r  medium. A c co rd in g  t o  t h e s e  a u t h o r s  "The 
te rm  c u l t i v a r  ( v a r i e t y )  d e n o te s  an a ssem b lag e  o f  c u l t i v a t e d  
i n d i v i d u a l s  which  a re  d i s t i n g u i s h e d  by any c h a r a c t e r s  
( m o r p h o lo g i c a l ,  p h y s i o l o g i c a l ,  c y t o l o g i c a l ,  c h e m ic a l  o r  o t h e r s )  
s i g n i f i c a n t  f o r  t h e  p u r p o s e  o f  a g r i c u l t u r e ,  f o r e s t r y  o r  
h o r t i c u l t u r e  and which when r e p r o d u c e d  ( s e x u a l l y  o r  a s e x u a l l y )  
r e t a i n  t h e i r  d i s t i n c t i v e  f e a t u r e s " .  The f o u r  c u l t i v a r s  
p ro p o s e d  by them were  te rm ed  " S p o r o d o c h i a l "  "Ropy" " C o t to n y -  
A lba"  and " S l i m y - p i o n n o t a l " .  Clones p r o d u c i n g  " S p o r o d o c h i a l "  
were  t h e  p a r e n t a l  forms from which  o t h e r  c u l t u r a l  t y p e s  a r i s e  
by m u t a t i o n .  The p r o c e s s  o f  m u t a t i o n  was u n i d i r e c t i o n a l .
The m o r p h o l o g i c a l  c u l t i v a r  " S p o r o d o c h i a l "  was f u r t h e r  s u b ­
d i v i d e d  p h y s i o l o g i c a l l y  i n t o  ’ o d o ra tu m ’ and ’ i n o d o r a t u m ’ 
c u l t i v a r s .  I t  a p p e a r s  t h a t  t h e  ’ inodoratum* c l o n e s  were  
d e r i v e d  from ’odoratum* by m u t a t i o n .
Snyder  and Tousson (1965) t u r n e d  t h e i r  a t t e n t i o n t t o  
t h e  taxonomy o f  p e r f e c t  s t a g e s  o f  Fusar ium  s p e c i e s .  They 
s e p a r a t e d  n i n e  s p e c i e s  i n t o  two l a r g e  groups on t h e  b a s i s  o f  
a s c o s p o r e  m orpho logy .  S p e c ie s  p r o d u c i n g  o n e - s e p t a t e  a s c o s p o r e s  
a t  m a t u r i t y  and u s u a l l y  h a v in g  a c o n s t r i c t i o n  a t  t h e  septum 
a r e  p l a c e d  i n  N e c t r i a  o r  Hypomyces, w hereas  t h o s e  h a v in g  two- 
t o  f o u r - s e p t a t e  a s c o s p o r e s  a r e  p l a c e d  i n  C a l o n e c t r i a  o r
b i u u e r o J L x c i .  l i i e  r e u u g i i j . u± u ü  u i  u n e b e  p e x i e c u  b t a u u b  cib
b e l o n g i n g  t o  t h e  above ascom ycetous  g e n e r a  has  b e e n  a c c e p t e d  
g e n e r a l l y  by p l a n t  p a t h o l o g i s t s  w i t h  one e x c e p t i o n .  M ü l l e r  
and Von Arx (1955) changed t h e  name o f  C a l o n e c t r i a  n i v a l i s  
t o  G r i p h o s p h a e r i a  n i v a l i s  b e c a u s e  o f  t h e  immersed p e r i t h e c i a  
i n  n a t u r a l  s u b s t r a t e s .  Booth (1964) p r e f e r r e d  t o  keep  
C a l o n e c t r i a  n i v a l i s  i n  t h e  H y p o c e re a l s  due t o  i t s  c u l t u r a l  
c h a r a c t e r s  and c o n i d i a l  s t a t e  which  i s  F u s a r iu m . But Booth 
(1964) s u g g e s t s  t h a t  M i c r o n e c t r i e l l a  would be a more s u i t a b l e  
g e n u s .  Snyder  and Tousson  (1965) s t i l l  r e c o g n i s e d  t h e  genus 
C a l o n e c t r i a , r e j e c t i n g  t h e  g e n e r a  G r i p h o s p h a e r i a  and 
M i c r o n e c t r i e l l a .
The n i n e - s p e c i e s  taxonom ic  sy s tem  f o r  Fusar ium  has  
rem a ined  unchanged  s i n c e  i t s  deve lopm ent  26 y e a r s  ago and has  
b een  a c c e p t e d  by many w o r k e r s .
Oswald (1949) s t u d y i n g  t h e  F u sar ium  s p e c i e s  a s s o c i a t e d  
w i t h  r o o t  r o t  o f  c e r e a l s  b o t h  from t h e  c u l t u r a l  and p a t h o ­
g e n i c i t y  s t a n d p o i n t s ,  c l e a r l y  d e m o n s t r a t e d  t h e  u n r e l i a b i l i t y  
o f  s e c t i o n a l  as  w e l l  as s p e c i f i c  c r i t e r i a  i n  W ollenw eber  and 
R e i n k i n g ’s (1935) sy s tem  o f  c l a s s i f i c a t i o n .  He came t o  t h e  
c o n c l u s i o n  t h a t  c e r e a l  p a th o g e n s  b e lo n g i n g  t o  t h e  s e c t i o n s  
Roseum, D i s c o l o r  and Gibbosum c o u ld  n o t  be  d i s t i n g u i s h e d  w i t h  
d e p e n d a b i l i t y .  Many v a r i a n t s  when compared w i t h  t h e i r  p a r e n t  
c u l t u r e s  c o u ld  no l o n g e r  be  c o n s i d e r e d  as t h e  same s p e c i e s  n o r  
even t o  be  i n  t h e  same s e c t i o n  as t h e i r  p a r e n t ,  f o r  example  a 
v a r i a n t  o f  F . g r  aminearum had t o  be  r e c l a s s i f i e d  as F.  
sub luna tum  v a r .  e lo n g a tu m ; t h r e e  v a r i a n t s  o b t a i n e d  from 
F. culmorum f e l l  i n t o  t h e  s p e c i e s  F. r e t i c u l a t u m  f . l ,
F. sambucinum and F . f l o c c i f e r u m . A v a r i a n t  o f  F . e q u i s e t i  
c o u ld  n o t  be  c l a s s i f i e d  w i t h  any e x i s t i n g  s p e c i e s  and c r o s s i n g  
o f  t h e  s e c t io n a l  l i n e  from Gibbosum t o  Roseum o c c u r r e d  i n  a 
v a r i a n t  o f  F. s c r i p i . A l l  t h e s e  v a r i a n t s  a r e  l e s s  p a t h b g e n i c  
t h a n  t h e i r  p a r e n t  t y p e s .  I s o l a t e s  o f  t h e s e  f u n g i  d i r e c t  from 
n a t u r e  a l s o  show d i f f e r e n c e s  i n  v i r u l e n c e .  On t h e  b a s i s  o f  
such  a c l o s e  r e l a t i o n s h i p  be tw een  t h e s e  s p e c i e s ,  Oswald 
a c c e p t e d  t h e  m erg ing  o f  a l l  s p e c i e s  i n t o  one as p r o p o s e d  by 
Snyder  and Hansen ( 1 9 4 5 ) .
The taxonom ic  sy s tem  o f  Snyder  and Hansen (1 94 0 ,  1941,  
1945) has  b e e n  a c c e p t e d  by M e ss ia en  (1959) who h a s  p r o v i d e d  
t h e  f i r s t  k e y  d e s i g n e d  f o r  i t .  I n  1968 M e ss ia e n  and C a s s i n i
p u b l i s h e d  a n o t h e r  key f o r  t h e  d e t e r m i n a t i o n  o f  Fusar ium  s p e c i e s  
f o l l o w i n g  w i t h  l i t t l e  d i f f e r e n c e  t h e  sy s te m  p r o p o s e d  by Snyder  
and H ansen .  They u se d  forma s p é c i a l e s  i n  t h e  p l a c e  o f  forma 
f o r  t h e  s p e c i a l i z e d  fo rm s ,  and v a r i e t y  i n  t h e  p l a c e  o f  cv .  
C c u l t i v a r ) . They d i v i d e d  F. roseum i n t o  s i x  v a r i e t i e s ,  i . e .
F . roseum v a r ,  a r t h r o s p o r i o i d e s , F. roseum v a r .  sambucinum,
F. roseum v a r .  g ibbosum , F. roseum v a r .  culmorum, F. roseum 
v a r .  g ram inea rum , and. F. roseum v a r .  avenaceum. These  
v a r i e t i e s  a r e  n o t  e x a c t l y  t h e  same as t h e  c u l t i v a r s  r e c o g n i s e d  
by S n y d e r ,  Hansen and Oswald ( 1 9 5 7 ) .  The v a r i e t y  gibbosum 
i n c l u d e s  e q u i s e t i  and acum ina tum . M e ss ia e n  and C a s s i n i  have  
p ro p o se d  a new v a r i e t y  which  was n o t  r e c o g n i s e d  by S ny d e r ,  
Hansen and Oswald (1 9 5 7 ) ,  v a r i e t y  a r t h r o s p o r i o i d e s , f o r  t h e  K; 
s t r a i n s  o f  F.  roseum p r o d u c i n g  m ic ÿ o o o n id ia .  These  a u t h o r s  ' 
have d e s c r i b e d  t h e  s p e c i a l i z e d  forms o f  F .  oxysporum and 
F. s o l a n i  and a l s o  d i s c u s s e d  t h e  e f f e c t  o f  c u l t u r e  m ed ia  and 
th e  h a b i t a t  and p h y t o p a t h o l o g i c a l  i n c i d e n c e  o f  d i f f e r e n t  
s p e c i e s  o f  F u s a r iu m .
R e c e n t l y  Hasan Ashrafuzzam an  (1970) p u b l i s h e d  a key 
f o r  t h e  i d e n t i f i c a t i o n  o f  Fusar ium  s p e c i e s .  T h is  key i s  
b a s e d  on t h e  sy s te m  o f  c l a s s i f i c a t i o n  p r o p o s e d  by  S nyder  and 
Hansen (1940,  1941, 1 94 5 ) .
Snyder  and Hansen l a i d  emphas is  on t h e  sh ap e  o f  t h e  
m a c r o c o n i d i a ,  e s p e c i a l l y  t h e  a p p e a ra n c e  o f  t h e  m i d - s e c t i o n  
and e n d s , and on t h e  p r e s e n c e  o r  ab sen c e  o r  c h l a m y d o s p o r e s , 
b u t  Ashrafuzzam an  (1970) o b s e rv e d  t h a t  f o r m a t i o n  o f  ch lamy­
d o s p o re s  i s  an u n r e l i a b l e  c h a r a c t e r .  I t  i s  o f t e n  a r a r e  
e v e n t  and sometimes i t  i s  a l t o g e t h e r  a b s e n t  e x c e p t  i n  o l d e r  
c u l t u r e s ,  hence  i t  becomes d i f f i c u l t  t o  s e p a r a t e  s p e c i e s  on 
t h e  b a s i s  o f  t h i s  c h a r a c t e r .  He s u g g e s t e d  t h a t  b e s i d e s  
m y c e l i a l  ch lam ydospores  one must  a l s o  c o n s i d e r  t h e  chlamydo­
s p o r e s  which  a re  p r e s e n t  i n  m a c r o c o n i d i a .  F u r t h e r m o r e ,  
F usar ium  changes  i t s  c h a r a c t e r s  f r e q u e n t l y  when r e p e a t e d  
t r a n s f e r s  a r e  made on a g a r  m ed ia ,  e s p e c i a l l y  p o t a t o - d e x t r o s e  
a g a r  medium. The shape  o f  t h e  m a c r o c o n i d i a  becomes d i s t o r t e d  
d u r i n g  t h i s  p r o c e s s ,  hence  i t  i s  i m p o r t a n t  t o  d e t e r m i n e  an 
i s o l a t e  as soon as p o s s i b l e  a f t e r  i s o l a t i o n .  He a d v i s e d  t h e  
u se  o f  n a t u r a l  m edia  su c h  as  o a tm ea l  a g a r ,  s te am ed  r i c e ,  o r  
p l a n t  s t e m s ,  b e c a u se  m edia  w i t h  low s u g a r  c o n c e n t r a t i o n  a r e  o f
v a l u e  i n  d e t e r m i n i n g  t h e  c h a r a c t e r s  o f  m a c r o c o n i d i a .  A 
medium w i t h  h ig h  s u g a r  c o n c e n t r a t i o n  can  be u s e d  f o r  
o b s e r v a t i o n  o f  m y c e l i a l  c o l o u r  and s e p a r a t i o n  o f  s p e c i e s  
from a mixed c u l t u r e .
Moore and Chupp (1952) d i s t i n g u i s h e d  cabbage  w i l t  
f u s a r i a  o f  t h e  s e c t i o n  E le g an s  from tom ato  and muskmelon 
i s o l a t e s ,  by t h e i r  r e s p o n s e  t o  v a r i o u s  o r g a n i c  dyes and 
growth  i n h i b i t i n g  s u b s t a n c e s .  T h is  o b s e r v a t i o n  was a l s o  
s u p p o r t e d  by A rm strong  and Arm strong  (1952) who s u g g e s t e d  
t h a t  t h e  s p e c i f i c  s t a t u s  o f  t h e  cabbage  w i l t  F u sa r ium  be 
r e t a i n e d  as F.  c o n g l u t i n a n s , as r e c o g n i s e d  by W ollenweber  
and R e in k in g  ( 1 9 3 5 ) ,  and n o t  as a form o f  F. oxysporum , i . e .
F. oxysporum f .  c o n g l u t i n a n s . They a l s o  p ro p o s e d  t h a t  
v a r i a n t s  w i t h i n  t h e  s p e c i e s  F. c o n g l u t i n a n s  c a u s i n g  w i l t  o f  
r a d i s h  and s t o c k  s h o u l d  be  r e c o g n i s e d  as p h y s i o l o g i c  
r a c e s  o f  F. c o n g l u t i n a n s .
A rm strong  and Arm strong  (1964,  1966) p o i n t e d  o u t  t h a t  
i n  Snyder  and H ansen ’ s (1940) sy s tem  o f  c l a s s i f i c a t i o n  f o r  
t h e  w i l t  f u s a r i a  t h e  p a t h o g e n i c  forms a r e  r e c o g n i s e d  a c c o r d i n g  
t o  t h e i r  s e l e c t i v e  p a t h b g e n i c i t y .  T h is  c o n c e p t  o f  h o s t  
s p e c i f i c i t y  does n o t  now r e c e i v e  much s u p p o r t  b e c a u s e  t h e  
p a t h o g e n i c i t y  o f  some w i l t  f u s a r i a  i s  n o t  c o n f i n e d  t o  c e r t a i n  
v a r i e t i e s  o f  a s p e c i e s  o r  even t o  t h e  s p e c i e s  o f  a g e n u s ,  
f o r  exam ple ,  t h e  c o t t o n  w i l t  f u s a r i a ,  F .  oxysporum f .  
v a s i n f e c tu m  r a c e  1 and r a c e  2 c a u se s  w i l t  o f  p l a n t s  i n  such  
u n r e l a t e d  f a m i l i e s  as t h e  M a lv a c e a e ,  Leguminosae and 
S o l a n a c e a e .  Arm strong  and A rm strong  have  e v o lv e d  a c o n c e p t  
o f  p r im a r y  and s e c o n d a r y  h o s t  a f t e r  i n v e s t i g a t i n g  forms o f  
F. oxysporum t h a t  a r e  n o t  s p e c i f i c  i n  p a t h o g e n i c i t y  on a 
s i n g l e  h o s t .  D i f f e r e n c e s  i n  t h e  d e g re e  o f  v i r u l e n c e  o f  t h e  
p a th o g e n ,  t h e  t y p e  o f  symptoms p ro d u ce d  and t h e  c o m p a r a t iv e  
r a t e s  o f  developm ent  o f  d i s e a s e  i n  two o r  more h o s t s  a r e  t h e  
c h i e f  c r i t e r i a  t h a t  have  been  u se d  t o  e s t a b l i s h  t h i s  c o n c e p t .
Arm strong  and Arm strong  (1966) o b s e r v e d  a f t e r  s t u d y i n g  
numerous i s o l a t e s  o f  t h e  w i l t  f u s a r i a  from d i f f e r e n t  h o s t s ,  
t h a t  a l l  b e lo n g  t o  t h e  s e c t i o n  E l e g a n s .  S in c e  t h e  p a t h o g e n i ­
c i t y  o f  t h e s e  i s o l a t e s  i s  d i f f e r e n t  from t h a t  o f  forma 
s p é c i a l e s  i t  i s  p ro p o se d  t h a t  a new form may be  d e s i g n a t e d  as 
f o l l o w s :  F .  oxysporum S c h l e c h t  emend. Sny. e t  Hansen  forma
s p é c i a l e s  C a s s i a  form nov .  They have  s u g g e s t e d  "On t h e  b a s i s
o f  our  p r e s e n t  knowledge some forma s p é c i a l e s  a r e  h i g h l y  
s e l e c t i v e  i n  p a t h o g e n i c i t y ,  b u t  o t h e r s  a r e  n o t  so  s e l e c t i v e ,  
t h e r e f o r e  b e f o r e  a new form can  be  e s t a b l i s h e d  w i t h  a c c u r a c y ,  
many c r o s s  i n o c u l a t i o n s  w i t h  numerous o t h e r  forms o f  p ro v e n  
p a t h o g e n i c i t y  a r e  d e s i r a b l e " .
Buxton (1954) ha s  shown t h a t  v a r i a n t s  o f  f u s a r i a  can 
o c c u r  by h y p h a l  a n a s to m o s i s  o f  two o r  more i s o l a t e s .  He 
showed t h a t  t h e  c e l l s  o f  F. oxysporum f .  g l a d i o l i  were  
u n i n u c l e a t e  t h r o u g h o u t  t h e  mycelium e x c e p t  i n  t h e  a p i c a l  c e l l s ,  
where  1-15 n u c l e i  were  found ;  an a v e ra g e  o f  7 p e r  c e l l  was 
r e c o r d e d  i n  t h e  e x a m in a t io n  o f  50 a p i c a l  c e l l s .  Hyphal  
a n a s to m o s i s  o f  two a p i c a l  c e l l s  o f  g e n e t i c a l l y  d i f f e r e n t  
i s o l a t e s  each  c o n t a i n i n g  homokaryons c o u ld  r e s u l t  i n  many 
rec o m b in a n t  h e t e r o k a r y o n s , u l t i m a t e l y  l e a d i n g  t o  numerous 
v a r i a n t s  b e i n g  p r o d u c e d .
Buxton (1955) w h i l e  s t u d y i n g  t h e  v a r i a b i l i t y  i n  c u l t u r e s  
o f  F.  oxysporum from G l a d i o l u s  has  shown t h a t  v a r i a t i o n  i n  
l i g h t  i n t e n s i t y ,  n i t r o g e n  c o n c e n t r a t i o n  and pH o f  t h e  c u l t u r e  
medium a f f e c t s  t h e  m o r p h o lo g i c a l  f e a t u r e s  o f  i s o l a t e s  o f  
f u s a r i a  t o  su c h  an e x t e n t  t h a t  t h e y  c o u ld  n o t  be u s e d  as 
r e l i a b l e  taxonom ic  c r i t e r i a  and hence  p ro p o se d  t h e  p l a c i n g  o f  
a l l  t h e  i s o l a t e s  i n  one m a c r o s p e c i e s  F.  oxysporum F r . s e n s u  
Sny. e t  H ansen .  He s t a t e d  t h a t  " t h e  p l a s t i c i t y  o f  t h e  
m o r p h o lo g i c a l  c h a r a c t e r s  o f  t h e  G l a d i o l u s  F u s a r i a  u n d e r  
d i f f e r e n t  c u l t u r a l  c o n d i t i o n s  makes i t  d i f f i c u l t  o r  i m p o s s i b l e  
t o  compare w r i t t e n  d e s c r i p t i o n s  when c o n d i t i o n s  a r e  n o t  
a d e q u a t e l y  s p e c i f i e d .  W ollenweber  and R e i n k i n g ’ s (1935) 
sys tem  o f  c l a s s i f y i n g  F u s a r i a ,  p a r t i c u l a r l y  o f  t h e  s e c t i o n  
E le g a n s ,  dep end ed  on taxonom ic  d i f f e r e n c e s  which a r e  g r e a t l y  
i n f l u e n c e d  by e n v i ro n m e n t ,  o r  w h ich  can be  found  w i t h i n  any 
one i s o l a t e  on s i n g l e  s p o r i n g  and t h e  p r e s e n t  work em p h a s ize s  
t h e  need  f o r  s t r i c t  s t a n d a r d i z a t i o n  i n  work r e l a t i n g  t o  
Fusar ium  taxo n om y ."
H i l d r e t h  (1957) d e m o n s t r a t e d  t h a t  s e v e r a l  i s o l a t e s  o f  
F. oxysporum, f o l l o w i n g  c o n t i n u e d  s u b c u l t u r i n g ,  become 
d i f f i c u l t  t o  d i s t i n g u i s h  from t h o s e  o f  F. s o l a n i , and s i m i l a r l y  
an i s o l a t e  o f  F. s o l a n i  d i s s o c i a t e d  t o  become b o t h  m o r p h o l o g i ­
c a l l y  and p h y s i o l o g i c a l l y  i n d i s t i n g u i s h a b l e  from F.  oxysporum . 
T h is  k in d  o f  e v id e n c e  means t h a t  t h e r e  i s  a p o s s i b i l i t y  o f  
g e n e t i c  r e l a t i o n s h i p  b e tw een  d i f f e r e n t  p a t h o g e n i c  fo rm s  o f
have shown t h a t  t h e  Fusar ium  s t a t e  o f  an i s o l a t e  o f  N e c t r i a  
h a em atococca  (m utân t  c u l t u r e  o f  F. oxysporum) r e a d i l y  formed 
s t a b l e  h e t e r o k a r y o n s  w i t h  i s o l a t e s  o f  F. oxysporum f .  p i s i , 
f . l y c o p e r s i c i  and f . c u b e n s , and F. s o l a n i  f . p i s i  and f . 
p h a s e o l i , which i n d i c a t e s  a c l o s e  r e l a t i o n s h i p  be tw een  t h e s e  
f u s a r i a  and be tw een  them and N. h a e m a t o c o c c a . N. h a e m a to c o c c a ,
l i k e  F. oxysporum, c a u se s  w i l t  o f  Onward Pea .  F u r th e rm o re  t h e
h e t e r o k a r y o n s  were a l s o  formed be tw een  d i f f e r e n t  fo rm a s p é c i a l e s  
o f  p a t h o g e n i c  F . oxysporum , and g e n e t i c  c r o s s i n g  was a c h i e v e d  
i n  c u l t u r e s  be tw een  t h e  N e c t r i a  and f o u r  s t r a i n s  o f  F . oxysporum 
f . p i s i  and f . l y c o p e r s i c i . Buxton and Ward (1962) s t a t e d  t h a t  
i n  931 random s i n g l e - a s c o s p o r e  c u l t u r e s  from s i n g l e  p e r i t h e c i a  
r e s u l t i n g  from c r o s s e s ,  r e c o m b in a t io n s  were d e m o n s t r a t e d  b e tw een  
th e  N e c t r i a ,  t h e  i s o l a t e s  o f  F . oxysporum and t h o s e  o f  F. s o l a n i . 
They em phas ized  t h a t  t h e s e  r e s u l t s  do n o t  n e c e s s a r i l y  im p ly  t h a t  
N. haem ato cocca  i s  t h e  w i l d - t y p e  p e r f e c t  s t a t e  o f  F. oxysporum 
o r  o f  F. s o l a n i . However,  t h e  knowledge t h a t  d i s s o c i a t i o n  can 
o c c u r  a c r o s s  t h e  s p e c i e s  b o u n d a r i e s  d u r i n g  s u b c u l t u r e  a l o n e ,  and 
t h a t  c r o s s i n g ,  a l b e i t  u n d e r  a r t i f i c i a l  c o n d i t i o n s  o f  l a b o r a t o r y  
t e c h n i q u e ,  r e s u l t s  i n  r e c o m b i n a t i o n ,  i n d i c a t e s  t h a t  new ways o f  
l o o k in g  a t  t h e  c l a s s i f i c a t i o n  o f  t h e s e  t a x o n o m i c a l l y  d i f f i c u l t  
p a t h o g e n i c  f u s a r i a  may be a d o p te d .
Snyder  (1963) c r i t i c i z e d  t h e  i d e a  and e x p e r i m e n t s  o f  
Buxton and s t a t e d  t h a t  h e t e r o k a r y o s i s  p l a y s  o n ly  a n e g l i g i b l e  
r o l e  i n  v a r i a t i o n  i n  F. oxysporum, and p a r a s e x u a l i t y  even  l e s s .
He o b s e r v e d  i n  f a c t  t h a t  n u c l e i  o ccu p y in g  hyphae o r  c o n i d i a  
were a lways d e r i v e d  from a s i n g l e  i n i t i a l  n u c l e u s .
Gordon ( 1 9 6 0 ) ,  Snyder  and A le x a n d e r  ( 1 9 6 1 ) ,  R e i c h l e ,
Snyder  and Matuo (1964) have s e v e r e l y  c r i t i c i z e d  B u x t o n ’s 
r e s u l t s ,  which t h e y  c o n s i d e r  t o  be v a l u e l e s s .
However, n o t  a l l  t a x o n o m i s t s  have a c c e p t e d  t h e  s y s te m  
p ro p o s e d  by Snyder  and Hansen (1940 ,  1941, 1 945) .
M i l l e r  (1945 ,  1946a,  1946b) i n d i c a t e d  t h e  n e e d  t o  b a s e  
t h e  c l a s s i f i c a t i o n  o f  th e  genus on a s t u d y  o f  t h e  ’w i l d - t y p e ’ 
i n  v a r i o u s  s p e c i e s .  M i l l e r ’s ’w i l d - t y p e ’ r e f e r s  t o  a p u r e  
c u l t u r e  o b t a i n e d  i m m e d ia te ly  a f t e r  i s o l a t i o n  from t h e  
s u b s t r a t u m .  On th e  b a s i s  o f  a s t u d y  o f  p r im a r y  c u l t u r e s  o f
E le g an s  f u s a r i a ,  o b t a i n e d  from d i s e a s e d  muskmelon p l a n t s  
M i l l e r  c o n c lu d e d  t h a t  th e  ’w i l d  t y p e ’ i n  th e  genus F usa r iu m  
i s  t h e  ty p e  t h a t  u s u a l l y  " o c c u r s  i n  n a t u r e  as a form, t h a t  
when s u b c u l t u r e d  on most  a r t i f i c i a l  media  p ro d u c e s  a b u nd an t  
a e r i a l  mycelium on which  c o n i d i a  m o s t ly  n o n - s e p t a t e  a r e  b o rn  
r a t h e r  s p a r s e l y "  ( M i l l e r  1945)•  However, c o n t i n u e d  s u b ­
c u l t u r i n g  a c c o r d i n g  to  him r e s u l t s  i n  th e  ’w i l d  t y p e ’ b e i n g  
crowded o u t  by m u ta n ts  which a r e  c h a r a c t e r i z e d  |»y p r o l i f i c  
s p o r u l a t i o n  (o -3  o r  more s e p t a t e  c o n i d i a )  and an a d p r e s s e d  
ty pe  o f  growth  w i t h  l i t t l e  o r  no a e r i a l  mycel ium. M i l l e r  
(1946) a l s o  s u g g e s t e d  t h a t  s p o r o d o c h i a  i n  th e  genus Fusa r iu m  
a r e  synonymous w i th  ’p a t c h  m u t a n t s ’ e n c o u n t e r e d  d u r i n g  h i s  
s t u d i e s .  I f  t h e s e  s p o r o d o c h i a  a r e  a c t u a l l y  ’p a t c h  m u t a n t s ’ 
t h e n  M i l l e r  s t a t e d  " I n d e e d  th e  g ro u p in g  o f  Fusa r iu m  w i t h  t h e  
T u b e r c u l a r i a c e a e  o f  Fungi I m p e r f e c t i  may be c a l l e d  i n t o  
q u e s t i o n  on t h i s  b a s i s ,  s i n c e  i t  would o b v i o u s l y  be u n r e a s o n a b l e  
t o  group F u sa r ium  w i t h  f u n g i  t h a t  form t r u e  s p o r o d o c h i a  m e r e ly  
b e c a u se  o f  a s u p e r f i c i a l  r e s em b lan c e  o f  th e  ’p a t c h  m u t a n t s ’ 
t o  s p o r o d o c h i a " .
R a i l l o  (1950) p u b l i s h e d  a monograph on F u sa r i u m .
The n o m e n c la tu r e  she u se d  was v e r y  s i m i l a r  t o  t h a t  o f  
W ollenweber  and Ranking (1935) b u t  t h e  b a s i s  f o r  s p é c i a t i o n  
d i f f e r e d .  In  h e r  c l a s s i f i c a t i o n  th e  w id th  o f  c o n i d i a  was 
u s e d  t o  d i f f e r e n t i a t e  be tw een  s p e c i e s ,  b i o l o g i c  s p e c i a l i z a t i o n  
t o  d i f f e r e n t i a t e  b e tw een  v a r i e t i e s  w i t h i n  s p e c i e s ,  and c u l t u r a l  
c h a r a c t e r i s t i c s  on r i c e  medium to  d i f f e r e n t i a t e  b e tw een  
formae w i t h i n  v a r i e t i e s .
B i l a i  (1955) a l s o  w ork ing  i n  R u s s i a  has  m o d i f i e d  
W ollen w eb e r ’s s y s te m ,  g i v i n g  s p e c i a l  emphasis  t o  t h e  shape  
o f  th e  t e r m i n a l  c e l l  o f  a c on id ium .  S^e f o l l o w e d  S nyder  and 
H an se n ’ s (1940) c o n c e p t  o f  F. oxysporum w i t h  m in o r  e x c e p t i o n s  
and l i s t e d  some o f  R a i l l o ’ s v a r i e t i e s  as synonyms.
Subramanian  (195 5) has  shown t h a t  f u s a r i a  e x h i b i t  a 
wide range  o f  v a r i a t i o n  i n  c u l t u r a l  c h a r a c t e r s  such  as t h e  
amount o f  a e r i a l  mycelium, c o l o u r a t i o n  on d i f f e r e n t  m ed ia ,  
p r e s e n c e  o r  ab sen c e  o f  s p o r o d o c h i a  and p i o n n o t e s ,  b u t  t h e  
m o r p h o lo g i c a l  c h a r a c t e r s  o f  th e  c o n i d i a  a r e  r e m a r k a b ly  
c o n s t a n t .  He s t a t e d  t h a t  th e  ’w i l d  t y p e ’ as d e f i n e d  by 
M i l l e r  i s  n o t  o f  u n i v e r s a l  a p p l i c a t i o n  i n  t h e  genus F u s a r i u m .
Subram anian  (1955) s u g g e s t e d  t h a t  s t u d i e s  s h o u l d  be b a s e d  on 
t y p i c a l  h y a l i n e ,  f a l c a t e  o r  s i c k l e - s h a p e d  p h i a l o s p o r e s  
p ro d u c e d  by t h e  f u n g u s .  The c l a s s i f i c a t i o n  o f  t h e  genus 
s h o u ld  depend p r i m a r i l y  on th e  n a t u r e  o f  t h e s e  p h i a l o s p o r e s ,  
i . e .  t h e i r  s h a p e ,  s e p t a t i o n ,  s i z e  and o t h e r  c h a r a c t e r s  
such  as t h e  n a t u r e  o f  th e  c o n i d i o p h o r e , t h e  manner o f  c o n i d i a l  
f o r m a t i o n ,  and th e  o c c u r r e n c e  o f  m i c r o c o n i d l a .  The p r e s e n c e  
o r  absence  o f  ch lam ydospores  and a l l  c u l t u r a l  c h a r a c t e r s  
would a p p e a r  t o  be o f  no v a l u e  i n  taxonomy. F u r t h e r m o r e ,  
Wollenweber  and M n k i n g  (1935) u s e d  p a t h o g e n i c i t y  as a 
c r i t e r i o n  t o  c l a s s i f y  s p e c i e s  and v a r i e t i e s  and i t  was u s e d  
by Snyder  and Hansen (1940,  1941, 1945) t o  c l a s s i f y  fo rm s .
But Subramanian  s t a t e d  t h a t  t h e r e  i s  c o n s i d e r a b l e  e v id e n c e  
p o i n t i n g  t o  t h e  f a c t  t h a t  p a t h o g e n i c i t y  i s  a l s o  a h i g h l y  
v a r i a b l e  c h a r a c t e r  and t h a t  s e v e r a l  f u s a r i a  have a wide  h o s t  
r a n g e .  Fo r  example  F. oxysporum emend. Snyder  e t  Hansen 
f . v a s i n f e c t u m  i s  now known to  be p a t h o g e n i c  t o  p l a n t s  o t h e r  
t h a n  c o t t o n  and th e  c l a s s i f i c a t i o n  o f  t h e  s e c t i o n  E le g a n s  and 
o t h e r  s e c t i o n s  by Snyder  and Hansen (1940,  1941, 1945) on t h e  
b a s i s  o f  s e l e c t i v e  p a t h o g e n i c i t y  has  l i t t l e  e x p e r i m e n t a l  
e v id e n c e  t o  s u p p o r t  i t  when a p p l i e d  t o  t h e  genus as a w h o le .
Subramanian  c o n c lu d e d  t h a t  "A th o ro u g h  s t u d y  on t h e s e  
l i n e s  o f  f u s a r i a  as t h e y  o c c u r  i n  n a t u r e  c o l l e c t e d  from 
g e o g r a p h i c a l l y  d i f f e r e n t  a r e a s  and d i v e r s e  s u b s t r a t a  c o u p le d  
w i t h  an e n q u i r y  tow ard s  an u n d e r s t a n d i n g  o f  t h e  t y p e  s p e c i e s  
and o t h e r  e x s i c c a t a e ,  where  e v e r  p o s s i b l e ,  would  pave  t h e  way 
f o r  a taxonom ic  r e v i s i o n  o f  th e  genus which would a t  once be  
e a s i e r  t o  u se  and more i n  k e e p in g  w i t h  t h e  c h a r a c t e r i s t i c s  o f  
i t s  i n d i v i d u a l s  as t h e y  o c c u r  i n  n a t u r e " .  He a l s o  s u g g e s t e d  
t h a t  s i n c e  s p o r o d o c h i a  a r e  p ro d u c e d  by a l a r g e  number o f  
i s o l a t e s  im m e d ia te ly  a f t e r  i s o l a t i o n  i n  p r im a r y  c u l t u r e s ,  t h e s e  
a re  a n a t u r a l  c h a r a c t e r i s t i c  o f  t h e  genus and s h o u l d  be  o f  
v a lu e  i n  taxonomy.
Gordon (195K, 54, 56, 59 ,  60, 6 5 ) ,  w h i l e  w o rk in g  on 
th e  taxonomy and h a b i t a t s  o f  F u sar ium  s p e c i e s ,  d e v i s e d  a 
sy s te m  o f  n o m e n c la tu r e  and c l a s s i f i c a t i o n  f o r  them . The 
Fusar ium  s p e c i e s  i d e n t i f i e d  were o b t a i n e d  from a wide  ra n g e  
o f  h o s t  p l a n t s  and a wide  v a r i e t y  o f  h a b i t a t s  i n  a d d i t i o n  t o  
p l a n t s ,  i . e .  s o i l ,  w a t e r ,  i n s e c t s ,  wood p u l p ,  s e e d s ,  d a i r y  
p r o d u c t s ,  sewage and human t i s s u e s .
Gordon found  t h a t  i n  Fusar ium  taxonomy and n o m e n c la tu r e  
n e i t h e r  t h e  sy s te m  o f  Wollenweber  and R e in k in g  (1935) n o r  t h e  
sy s te m  o f  Snyder  and Hansen (1940,  41, 45) was s a t i s f a c t o r y  f o r  
t h e  c l a s s i f i c a t i o n  qE t h e  w i l d  t y p e s  o f  d i f f e r e n t  F u s ar ium  s p e c i e s .  
C e r t a i n  o f  t h e  i s o l a t e s  c o u ld  n o t  be i d e n t i f i e d  w i t h  c e r t a i n t y  
a c c o r d i n g  t o  t h e  sy s te m  o f  W ollenweber  and R e in k in g  (1935) as 
t h e y  a p p e a re d  t o  f i t  t h e  d e s c r i p t i o n  o f  two o r  more s p e c i e s  
e q u a l l y  w e l l .  On t h e  o t h e r  hand ,  c e r t a i n  o t h e r  i s o l a t e s  were  
r e a d i l y  d i s t i n g u i s h e d  as t o  s p e c i e s ,  v a r i e t i e s  o r  forms by t h e  
s y s te m  o f  Wollenweber  and R e in k in g ,  b u t  would  have  b e e n  g rouped  
t o g e t h e r  i n  one s p e c i e s  as a d v o c a te d  i n  t h e  sy s tem  o f  c l a s s i f i ­
c a t i o n  o f  Snyder  and Hansen .
The sys tem  p r o p o s e d  and p r e s e n t e d  by Gordon (19 60) i s  
b a s i c a l l y  t h a t  o f  Wollenweber  and R e in k in g  (1935) as g iv e n  by 
them i n  ’Die F u s a r i e h a n d  m o d i f i e d  where i t  a p p e a re d  d e s i r a b l e  
a c c o r d i n g  t o  t h e  r e v i s i o n  o f  t h e  genus by Snyder  and Hansen 
( 1 9 4 0 , 4 1 , 4 5 ) .  The s e c t i o n a l  d i v i s i o n  o f  t h e  genus as p ro p o s e d  
by W ollenweber  and R e in k in g  has  b e en  r e t a i n e d  w i t h  one e x c e p t i o n ,  
namely t h e  s e c t i o n  v e n t r i c o s u m  which  i s  c o n s i d e r e d  t o  be  
synonymous w i t h  M a r t i e l l a .  C e r t a i n  s e c t i o n s  o f  t h e  g e n u s ,  
i . e .  L a t e r i t i u m ,  L i s e o l a ,  E leg an s  and M a r t i e l l a ,  were  a l s o  
m o d i f i e d  by a d o p t i n g  th e  r e v i s i o n  o f  t h e s e  s e c t i o n s  as a whole  
o r  i n  p a r t  as p ro p o s e d  by Snyder  and Hansen ( 1 9 4 1 , 4 5 ) .
A c co rd in g  t o  t h e  sy s te m  o f  n o m e n c la tu r e  and c l a s s i f i c a t i o n  
a d o p te d ,  a t o t a l  o f  26 s p e c i e s ,  4 v a r i e t i e s  and 17 forms o f  
F u sa r iu m  were d i s t i n g u i s h e d .  The t a x a  r e p r e s e n t  12 s e c t i o n s  o f  
t h e  g e n u s ,  t h e s e  s e c t i o n s  b e i n g  (1) E u p io n n o t e s ,  W r. ,  (2) 
S p i c a r i o i d e s , W r. ,  S h e rb ,  R g . ,  Jo hann  and B a i l e y . ,  (3)
A r a c h n i t e s ,  W r. ,  (4) S p o r o t r i c h i e l l a ,  W r. ,  (5) Roseum, W r. ,
( 6 ) A r t h r o s p o r i e l l a ,  S h e r b . ,  (7) Gibbosum, W r. ,  ( 8 ) D i s c o l o r ,  W r . ,  
(9) L a t e r i t i u m ,  Wr. ,  S h e r b . ,  R g . ,  Johann  and B a i l e y ,  ( lO j  E l e g a n s ,  
W r. ,  (11) M a r t i e l l a ,  Wr. ,  and (12) L i s e o l a ,  Wr. ,  S h e r b . ,  R g . ,  
Johann  and B a i l e y .
F o r  i d e n t i f  i c a t i o n  o f  t h e  d i f f e r e n t  c u l t u r e s  o f  Fus a r ium  
e n c o u n t e r e d  d u r i n g  i s o l a t i o n s ,  Gordon (1951) a d o p te d  t h e  c o n c e p t  
o f  ’w i l d  t y p e ’ p ro p o s e d  by M i l l e r  (1945) and s u g g e s t e d  t h a t  as 
t h e  w i l d  t y p e s  o f  s p e c i e s  and v a r i e t i e s  when k e p t  i n  c u l t u r e  
m u ta te  r e a d i l y  t h e  u s u a l  method o f  r e p e a t e d  s u b c u l t u r i n g  o f  
f u n g i  by mass t r a n s f e r s  was n o t  s u i t a b l e  f o r  r e t e n t i o n  o f  t h e
w i l d  t y p e s .  But t h e  w i l d  t y p e s  may be  r e t a i n e d  i n d e f i n i t e l y  
i n  c u l t u r e  on p o t a t o  s u c r o s e  a g a r  medium, i f  d u r i n g  each  
c o n s e c u t i v e  t r a n s f e r  o f  them s e v e r a l  m o n o c o n id ia l  o r  s i n g l e  
h y p h a l  t i p  c u l t u r e s  a r e  made and t h e  w i l d  ty pe  c u l t u r e s  
s e l e c t e d  each  t i m e .  The s t e r i l e  s o i l  method d e v e lo p e d  by 
M i l l e r  (1945) and employed by Cormack (1951) was fo u n d  s u i t a b l e  
f o r  t h e  r e t e n t i o n  o f  t h e  w i l d  t y p e s . Gordon (1951) e m ph as ized  
t h a t  i n  o r d e r  t o  a v o id  t r a n s f e r r i n g  m u ta n ts  t o  t h e  s t e r i l e  s o i l  
t u b e s  a lo n g  w i t h  t h e  w i l d  t y p e s ,  t r a n s f e r s  s h o u l d  be  made from 
young c u l t u r e s  o f  th e  w i l d  t y p e s ,  p r e f e r a b l y  n o t  more t h a n  4 
days o l d .
Gordon came t o  t h e  c o n c l u s i o n  a f t e r  s t u d y i n g  t h e  
v a r i a b i l i t y  i n  t h i s  i m p o r t a n t  genus t h a t  a s i n g l e  sy s te m  o f  
c l a s s i f i c a t i o n  o f  t h e  s p e c i e s ,  v a r i e t i e s  and forms o f  t h e  
genus Fusar ium  b a s e d  on t h e  c h a r a c t e r s  o f  t h e  w i l d  t y p e  i s  
d e s i r a b l e .  The a t t a i n m e n t  o f  t h i s  g o a l  c an n o t  be  e x p e c t e d  
u n t i l  ou r  knowledge o f  t h e  w i l d  t y p e s  e x i s t i n g  i n  v a r i o u s  
r e g i o n s  o f  t h e  w o r ld  i s  more c o m p le t e .  The v a r i a b i l i t y  
o b s e r v e d  i n  t h e i r  c h a r a c t e r s  w i l l  r e q u i r e  t h e  a d o p t i o n  o f  a 
s i m p l i f i e d  sys tem  o f  c l a s s i f i c a t i o n  a lo n g  t h e  l i n e s  p r o p o s e d  
by Snyder  and Hansen ( 1 9 4 0 , 4 1 , 4 5 ) .
G e r la c h  (1961) p r e f e r s  Wollenweber  and R e i n k i n g ’s (1935) 
sy s te m  o f  c l a s s i f i c a t i o n  f o r  naming and i d e n t i f y i n g  Fu sa r ium  
s p e c i e s .  He has  shown t h a t  some r e p r e s e n t a t i v e s  o f  t h e  s e c t i o n  
E le g an s  have c l e a r l y  d i f f e r e n t  sp o re  t y p e s . His  i n v e s t i g a t i o n s  
o f  38 s t r a i n s  o f  F .  r e d o l e n s  W r. ,  showed t h a t  F .  r e d o l e n s  i s  
u n d o u b t e d l y  a d i f f e r e n t  Fus ar ium  ty p e  from formae s p é c i a l e s  o f  
F . oxysporum and s h o u l d  be  c o n s i d e r e d  as an i n d e p e n d e n t  s p e c i e s  
i n  s e c t i o n  E le g an s  as r e c o g n i s e d  by W ollenw eber .
Booth ( 1 9 6 0 ,6 2 , 6 4 , 6 6 )  has  d e v e lo p e d  an i n t e r e s t  i n  t h e  
f i e l d  o f  Eusar ium  taxonomy th ro u g h  h i s  s t u d y  o f  p e r f e c t  s t a g e s .  
He has  f o l l o w e d  q u i t e  c l o s e l y  Gordon’s s u g g e s t i o n s  f o r  
c l a s s i f y i n g  and naming Fusar ium  s p e c i e s .  Both o f  t h e s e  a u t h o r s  
have  t o  some e x t e n t  r e t u r n e d  t o  W ollenweber  and R e i n k i n g ’s (1935) 
sy s te m  o f  c l a s s i f i c a t i o n .
In  1966 Booth p u b l i s h e d  a key f o r  t h e  i d e n t i f i c a t i o n  o f  
Fusar ium  s p e c i e s .  The sy s tem  o f  taxonomy f o l l o w e d  f o r  t h e  
c l a s s i f i c a t i o n  o f  t h e  w i l d  ty p e  i s o l a t e s  o f  Fu sa r iu m  i s  
b a s i c a l l y  t h a t  o f  Wollenweber  and R e in k in g  (1935) as p r e s e n t e d
by them i n  ’Die F u s a r i e n ’ . Boo th ,  l i k e  Gordon ( 1 9 5 1 ) ,  has  
a d o p te d  a mixed sy s tem  f o l l o w i n g  Snyder  and Hansen i n  F. 
oxysporum, k e e p in g  F. coeru leum  b e s i d e s  F. s o l a n i  i n  t h e  
s e c t i o n  M a r t i e l l a  and i n s t e a d  o f  F . roseum k e e p in g  3 s e c t i o n s  
o u t  o f  t h e  4 r e c o g n i s e d  by Wollenweber  and R e in k in g  (1935) 
namely Roseum, D i s c o l o r ,  A r t h r o s p o r i e l l a  and Gibbosum. The 
s e c t i o n a l  d i v i s i o n  o f  t h e  g en u s ,  t h e  m ost  i m p o r t a n t  c h a r a c t e r i s t i  
f e a t u r e  o f  Wollenweber  and R e i n k i n g ’s sy s te m  o f  c l a s s i f i c a t i o n ,  
has  b een  r e t a i n e d  w i t h  few m o d i f i c a t i o n s .  A c co rd in g  t o  t h e  
sys tem  o f  n o m e n c la tu re  and c l a s s i f i c a t i o n  a d o p te d ,  a t o t a l  o f  
35 s p e c i e s  e x c l u d i n g  t h e  entomogenous f u s a r i a  were  d i s t i n g u i s h e d .  
These s p e c i e s  and v a r i e t i e s  r e p r e s e n t  t h e  f o l l o w i n g  12 s e c t i o n s  
o f  t h e  genus :  (1) S p o r o t r i c h i e l l a ,  (2) S p i c a r i o i d e s ,  ( 3 0 ) L i s e o l a ,  
(4) E l e g a n s ,  (5) M a r t i e l l a ,  ( 6 ) E u p io n n o t e s ,  (7) A r a c h n i t e s ,
( 8 ) M a c ro c o n ia ,  (9) L a t e r i t i u m ,  (10) Roseum, (11) A r t h r o s p o r i e l l a  
and Gibbosum, (12) D i s c o l o r .
Fo r  i d e n t i f i c a t i o n  o f  s p e c i e s  o f  F u s a r i u m , Booth  (1962) 
has  f o l l o w e d  Gordon’s method d e v e lo p e d  by him t o  s t u d y  t h e  w ide  
r an g e  o f  v a r i a t i o n  found  i n  Fusar ium  i s o l a t e s .  A c c o rd in g  t o  
t h i s  method a l l  i s o l a t e s  a r e  grown u n d e r  i d e n t i c a l  c o n d i t i o n s  
o f  l i g h t  and t e m p e r a t u r e  on p o t a t o  s u c r o s e  a g a r  medium o f  pH 6 . 5 .  
Booth (1962) a l s o  s u p p o r t e d  t h e  c o n c e p t  o f  ’w i l d  t y p e ’ p r o p o s e d  
by M i l l e r  (1945) and employed by Gordon (1 9 5 1 ) .  A l l  c u l t u r e s  
a f t e r  i s o l a t i o n  a r e  s i n g l e - s p o r e d  and s u b s e q u e n t  t r a n s f e r s  a r e  
a l s o  made by s i n g l e  s p o r e s .  D ur ing  each  c o n s e c u t i v e  t r a n s f e r  
o f  t h e  i s o l a t e s ,  s e v e r a l  m a c r o c o n i d i a l  o r  s i n g l e  h y p h a l  t i p s  
c u l t u r e s  a r e  made and one o r  more showing t h e  t y p i c a l  c o l o u r  
and growth c h a r a c t e r i s t i c s  o f  t h e  w i l d  t y p e s  a r e  s e l e c t e d .
Booth d i d  n o t  s u p p o r t  t h e  u s u a l  method o f  s u b c u l t u r i n g  o f  
f u n g i  by mass t r a n s f e r s  o f  mycelium and s p o r e s  b e c a u s e  i t  i s  
n o t  s u i t a b l e  f o r  t h e  r e t e n t i o n  o f  t h e  w i l d  t y p e s  and s e c o n d l y  
t h e r e  i s  a t e n d e n c y  f o r  t h e  s p o r u l a t i n g  s t r a i n s  t o  be  s u p p r e s s e d  
by th e  p u r e  m y c e l i a l  forms and n o n - s p o r u l a t i n g  c u l t u r e s .
A f t e r  4-7 days o f  growth  t h e s e  c u l t u r e s  a r e  t r a n s f e r r e d  t o  a 
c o ld  room, which  has  b een  found  t o  p rom ote  s p o r u l a t i o n  and 
b e c a u s e  i t  r e d u c e s  t h e  r a t e  o f  d r y i n g  and p e r m i t s  l o n g e r  
i n t e r v a l s  be tw een  each s u b c u l t u r e .
noorn  o o s e r v e a  m a t  t n e  v a r i a n t s  v a r i o u s
m u ta n t s  from a g iv e n  i s o l a t e  form a d i s t i n c t  p a t t e r n  f o r  th e  
s p e c i e s  i r r e s p e c t i v e  o f  t h e  w i l d  t y p e .  However, i n  g e n e r a l  
i t  h a s  been  o b s e r v e d  t h a t  o v e r  a lon g  p e r i o d  o f  t im e  t h e r e  i s  
a t e n d e n c y  to w ards  a g e n e r a l  s u p p r e s s i o n  o f  m y c e l i a l  p r o d u c t i o n  
and sp o re  p r o d u c t i o n  becomes p i o n n o t a l .  E v e n t u a l l y  t h e r e  i s  
an ex trem e  r e d u c t i o n  o f  t h e  mycelium and c o n i d i o p h o r e s , and 
many s i n g l e  p h i a l i d e s  p rod uce  masses  o f  c o n i d i a .
The s e l e c t i o n  and m a t in g  o f  c o m p a t ib le  m a t in g  t y p e s  
r e s u l t i n g  i n  p e r i t h e c i a l  p r o d u c t i o n  i s  a l s o  u s e f u l  i n  
i d e n t i f i c a t i o n  o f  Fusar ium  s p e c i e s  i n  t h e  D i s c o l o r  g ro u p .
The p e r i t h e c i a  formed r e p r e s e n t  d i f f e r e n t  s p e c i e s  o f  G i b b e r e l l a  
(Booth ,  1962) .
The p rob lem  o f  i d e n t i f y i n g  p a t h o g e n i c  forms o f  Fusa r iu m  
s t i l l  r e m a in s .  At p r e s e n t  t h e s e  p a t h o g e n i c  forms can  be 
d i s t i n g u i s h e d  o n ly  by i n f e c t i o n  t e s t s  u s i n g  th e  h o s t  i n  
q u e s t i o n .  A cco rd in g  t o  Booth (1962) t h i s  p r o c e d u r e  e n t a i l s  
many p i t f a l l s  a f t e r  i s o l a t i o n  o f  th e  p a th o g e n .  By t h e  t im e  
th e  a p p r o p r i a t e  c o n d i t i o n s  e x i s t ,  t h e r e  i s  e v e r y  p o s s i b i l i t y  
t h a t  p a t h o g e n i c  forms may have  b een  s u p p r e s s e d  by more 
r a p i d l y  growing m u ta n t s  which  have a r i s e n  i n  c u l t u r e ,  even 
though  s u b c u l t u r e s  a r e  made by s i n g l e  s p o r e s .  I t  has  b e en  
shown t h a t  t h e s e  m u ta n ts  a r e  l e s s  v i r u l e n t  t h a n  t h e  p a r e n t  
( U l l s t r u p  1935,  M i l l e r  1945 and Oswald 1 949) .
Gas ch rom a to g rap hy  and column c h ro m a to g ra p h ,  i n  
c o n j u n c t i o n  w i t h  s p e c t r o p h o t o m e t e r y ÿ  now p r e s e n t  o t h e r  
t e c h n i q u e s  which can be u s e d  on a taxonom ic  b a s i s  (Booth  1 9 6 2 ) .
R e c e n t l y  Seem U ller  (1968) made m o r p h o lo g i c a l  and 
b i o l o g i c a l  o b s e r v a t i o n s  on th e  s e c t i o n  s p o r o t r i c h i e l l a  o f  t h e  
genus F u s a r iu m . He too k  119 i s o l a t e s  from many g e o g r a p h i c  
r e g i o n s ,  m o s t ly  from p l a n t s  b u t  a few from s o i l  and i n s e c t s .  
D i f f e r e n t i a t i o n  o f  th e  i s o l a t e s  was b a s e d  on m o r p h o l o g i c a l  
c r i t e r i a .  A d d i t i o n a l  c h a r a c t e r s  such  as g row th ,  i n f l u e n c e  
o f  t e m p e r a t u r e ,  odour  p ro d u c e d  by th e  c u l t u r e s  and t h e  
r e l a t i o n s h i p  be tw een  th e  fungus and m i t e s  S i t e r o p t e s  graminum 
were  s t u d i e d .  These s t u d i e s  r e v e a l e d  s t r i k i n g  d i f f e r e n c e s  
i n  t h e  c h a r a c t e r s  be tw een  m o r p h o lo g i c a l  t y p e s  o f  F. p o a e ,
F . s p o r o t r i c h i o i d e s , F. s p o r o t r i c h i o i d e s  v a r .  m i n u s ,
F. t r i c i n c t u m  and F . chiamydosporum. P a t h o g e n i c i t y  t e s t s
on s e e d l i n g s  and s h o o t s  o f  c o n i f e r s ,  s e e d l i n g s  and e a r s  o f  
w h e a t ,  cobs and s t a l k s  o f  m a iz e ,  c a r n a t i o n  b u d s ,  p e a  and 
l u p i n e  showed c l e a r  d i f f e r e n c e s  w i t h i n  them. I t  was o b se rv e d  
t h a t  F . s p o r o t r i c h i o i d e s  was t h e  most  p a t h o g e n i c  u n d e r  
a p p r o p r i a t e  c o n d i t i o n s  i n f e c t i n g  a l l  p l a n t s  t e s t e d .  F . poae 
p ro v ed  to  be n o n - p a t h o g e n ic  i n  most t e s t s .
A l a r g e  number o f  b a c t e r i a  and molds p ro d u ce  p igm en ts
which were  f o r m e r l y  t h o u g h t  o f  as 'w as te*  m e t a b o l i c  p r o d u c t s .
The p a r t i c i p a t i o n  o f  p igm en ts  i n  t h e  a c t i o n  o f  e n z y m a t i c  
sys tem s  was d e m o n s t r a t e d  i n , (1909) when Van T a p p e in e r  showed 
t h a t  th e  dye h y p e r i c i n  e x e r t e d  a photodynam ic  e f f e c t  on m ic r o ­
o r g a n i s m s .  I n  (1938) F r e id h e im  showed t h a t  p h o e n i c i n ,  t h e  r e d  
p igm en t  p r e s e n t  i n  P é n i c i l l i u m  p h o e n ic iu m , i s  c a p a b le  o f  
e x e r t i n g  an i n f l u e n c e  on t h e  r e s p i r a t i o n  o f  B a c i l l u s  p y o c y a n e u s .
In  t h e  f o l l o w i n g  y e a r s  s e v e r a l  o t h e r  e f f e c t s  have  been  
a t t r i b u t e d  t o  t h e s e  c o l o u r e d  s u b s t a n c e s ,  such  as  ( 1 ) i n f l u e n c i n g  
th e  r a t e  o f  d e h y d r o g e n a t i o n  by molds ;  ( 2 ) i n h i b i t i n g  th e  
a c t i o n  o f  c e r t a i n  enzymes ; (3) p o s s e s s i n g  a n t i b i o t i c  a c t i v i t y
(Nord and W eiss ,  1948; Nord and V i t t n e i ,  1947; A r n s t e i n  and 
Cook, 1947; C a j o r i  and H a m i l to n ,  1950) .
I f  a p igm ent  i s  to  be o f  d i a g n o s t i c  v a l u e  i n  th e
i d e n t i f i c a t i o n  o f  Fusar ium  s p e c i e s ,  t h e  c h em ic a l  n a t u r e  o r  
some i d e n t i f y i n g  f e a t u r e  o f  t h e  p igm ent  must  be known. V i s u a l  
e v a l u a t i o n  o f  a p igm e n t  by c o l o u r  a lo n e  may n o t  make i d e n t i f i ­
c a t i o n  p o s s i b l e  (Page ,  1 9 6$ ) .  Snyder  and Hansen (1941) 
r e p o r t e d  t h a t  y e l l o w ,  brown, g r e e n ,  b l u e ,  l a v e n d e r  and p u r p l e  
p igm en ts  were p ro d u c e d  by F. s o l a n i . S h e r b a k o f f  (1915) 
r e p o r t e d  t h a t  l i g h t  and th e  c o m p o s i t i o n  and r e a c t i o n  o f  c u l t u r e  
media  have an e f f e c t  on c o l o u r  e x p r e s s i o n  p ro d u c e d  by a p ig m e n t .  
Page (1967) has s t a t e d  " c l e a r l y  t h e  v a lu e  o f  a p ig m en t  as an 
a i d  i n  s p e c i e s  i d e n t i f i c a t i o n  r e s i d e s  i n  t h e  u n i q u e n e s s  o f  i t s  
c h em ic a l  s t r u c t u r e ,  r a t h e r  t h a n  v i s u a l  s t r u c t u r e s  t h e  p ig m e n t  
e l i c i t s . "
C h e m ica l ly  d i f f e r e n t  p ig m en ts  may in d uce  t h e  same c o l o u r  
r e s p o n s e .  A r n s t e i n ,  Cook and Lacey (1946) i s o l a t e d  ’ j a v i i i c in *  
and ’o x y j a v i n i c i n *  from F. j a v a n ic u m . In  1965 A r s e n a u l t  
i s o l a t e d  th e  same two p igm en ts  u s i n g  th e  same s t r a i n s  employed 
by Cook and Lacey and r e p o r t e d  t h a t  th e  p igm ent  ' o x y j a v i n i c i n *  
was s t r u c t u r a l l y  i d e n t i c a l  t o  ’ f u s a r u b l n *  which was i s o l a t e d
u y  is.ucxj.us ctiiu uuiic ^xs ju^ x x uju r ,  suxciiix , oiJim-cU JLy Liic
pig m en t  * j a v i n i c i n *  from  F. javan icum  has  been  shown t o  be 
s t r u c t u r a l l y  s i m i l a r  t o  * so lan in e*  which was i s o l a t e d  from 
F. s o l a n i . Thus F. j av an icum  producesL p igm en ts  which  a r e  
c h e m i c a l l y  i d e n t i c a l  t o  * so la n in e *  and * f u s a r u b r in *  p ro d u c e d  
by F. s o l a n i .
C a j o r i  e t  a l .  (1954) r e p o r t e d  t h e  i s o l a t i o n  o f  an 
a n i t b i o t i c  p igm en t  b o s t r y c o i d i n  from th e  c u l t u r e  f i l t r a t e s  o f  
F. b o s t r y c o i d e s  and s u g g e s t e d  th e  e m p i r i c a l  fo rm u la  ^ i g ^ l 4 ^ 7 ’ 
w h i l e  A r s e n a u l t  (1965) i s o l a t e d  t h e  same p igm en t  from F. s o l a n i  
D2 p u r p l e  and s u g g e s t e d  f o r  t h i s  t h e  fo rm u la
A r e d  p igm en t  r u b r o f u s a r i n  has  been  r e p o r t e d  t o  be 
p ro d u c e d  by b o t h  F . graminearum and F . culmorum (Tanka and 
Tamura, 1 962) .
The o n ly  o t h e r  m a jo r  p igm en t  o f  th e  genus F u sa r iu m  i s  
*l y c o p e r s i n *  p ro d u c e d  by F . l y e  op e r s i c i . L y c o p e r s i n  has  been  
c a l l e d  a * n a t u r a l  i n d i c a t o r *  and i s  v e r y  s i m i l a r  t o  a u r o f u s a r i n ,  
a p igm en t  p ro d u c e d  by F. culmorum. L y c o p e r s in  i s  s y n t h e s i z e d  
i n  t h e  mycelium and does n o t  d i f f u s e  i n  th e  medium (K re i tm an  and 
Nord,  1 949) .
Nord and h i s  a s s o c i a t e s  (1940) o b s e r v e d  t h e  i n f l u e n c e  o f  
v a r y i n g  g lu c o s e  c o n c e n t r a t i o n  on t h e  p r o d u c t i o n  o f  p ig m e n t  and 
s y n t h e s i s  o f  f a t  i n  F. l y c o p e r s i c i  and F . s o l a n i  D2 p u r p l e .
There  was an i n c r e a s e  i n  b o t h  f a t  and p igm en t  p r o d u c t i o n  w i t h  
i n c r e a s e  i n  g l u c o s e .  F. l i n i , a non p ig m en t  p r o d u c e r ,  showed 
no change i n  f a t  c o n t e n t  on any o f  t h e  media  u s e d .  T h is  
i n d i c a t e d  t h a t  Fu sa r iu m  p ig m en ts  p a r t i c i p a t e d  i n  t h e  c o n v e r s i o n  
o f  c a r b o h y d r a t e s  i n t o  f a t .
The i n t e r r e l a t i o n  o f  th e  p ig m en ts  o f  F u sa r iu m  w i t h  t h e  
a c t i o n  o f  th e  f a t t y  a c i d  d eh yd ro g en ase  sy s te m  was s e e n  from 
th e  f a c t  t h a t  th e  v i t a m i n s ,  r i b o f l a v i n  and n i c o t i n i c  a c i d ,  
b o t h  known to  be components o f  d eh y d ro g en ase  s y s t e m s ,  p r o d u c e d  
t h e  same e f f e c t s  as  th e  p igm en ts  (Nord e t  a l . ,  1 9 4 9 ) .
Benada (1 9 6 3 ) ,  a f t e r  making a c h ro m a to g r a p h ic  s t u d y  of  
th e  o range  p igm en t  p ro d u ce d  by F . n i v a l e , c o n c lu d e d  t h a t  th e  
f o r m a t io n  o f  p igm en t  and i t s  a n a l y s i s  c o u ld  be u s e d  as a r a p i d  
method f o r  d i f f e r e n t i a t i n g  F .  n i v a l e  from F. culmorum,
F. avenaceum and F . g ram inea rum .
In  a d d i t i o n  t o  p ig m e n ts  w i t h  a n t i b i o t i c  a c t i v i t y ,  
f u s a r i a  p ro d u ce  o t h e r  a n t i b i o t i c s .  These s u b s t a n c e s  a r e  
o f t e n  s t r u c t u r a l l y  v e r y  s i m i l a r  to  one a n o t h e r .  Such 
s u b s t a n c e s  a r e  l a t e r i t i n  I ,  I I ,  a v e n a c i n ,  f r u c t i g e n i n ,  
s a m b u c in in  and e n n i a t i n  A and B, p ro d u ce d  by F. l a t e r i t i u m ,
F. avenaceum, F . f r u c t i g e n u m , F . sambucinum and F . o r t h o c e r a s . 
These compounds a r e  so  s i m i l a r  i n  b e h a v i o u r  as t o  l e a v e  no 
doub t  t h a t  t h e y  owe t h e i r  b i o l o g i c a l  a c t i v i t y  t o  s i m i l a r  
s t r u c t u r a l  f e a t u r e s  (Cook, Cox, Farmer and Lacey ,  1 9 4 7 ) .
The u se  o f  dyes i n  s y n t h e t i c  media  has  become a 
d e f i n i t e  p a r t  o f  b a c t e r i o l o g i c a l  t e c h n i q u e .  Endo*s fuchsLn- 
s u l p h i t e  a g a r  and H o l t - H a r r i s  and Teague e o s i n - m e t h y l e n e - b l u e  
a g a r  were u s e d  f o r  d i f f e r e n t i a t i n g  B a c i l l u s  t y p h o s u s  c o l o n i e s  
from B a c i l l u s  c o l i . ICrunweide, P r a t t  and McWilliam u s e d  two 
c o n c e n t r a t i o n s  o f  b r i l l i a n t  g re e n  f o r  d i f f e r e n t i a t i o n  o f  
t y p h o id  b a c t e r i a .  In  1915 P a t r o f  u s e d  g e n t i a n  v i o l e t  as a 
d i f f e r e n t i a l  dye i n  a media  f o r  i s o l a t i o n  o f  t u b e r c l e  b a c i l l u s .  
Churchman (1912) d e m o n s t r a t e d  th e  b e h a v i o u r  o f  b a c t e r i a  t o  
g e n t i a n  v i o l e t  and showed p a r a l l e l i s m  be tw een  t h e  Gram r e a c t i o n  
and g e n t i a n  v i o l e t .
In  f u n g i  Coon and S t r o n g  (1928) u s e d  21 s o l u b l e  a n i l i n e  
dyes ( i n  v a r i o u s  c o n c e n t r a t i o n s )  as t o x i c  a g e n t s  i n  a s y n t h e t i c  
medium w i t h  t h e  hope t h a t  v a r i o u s  s p e c i e s  o f  F usa r iu m  
(F. r a d i c i c o l a , F. c o n g l u t i n a n s  c a l l i s t e p h i  and F. oxysporum) 
would e x h i b i t  d i f f e r e n t  o r d e r s  o f  t o l e r a n c e  t o  t h e s e  s u b s t a n c e s  
and t h a t  t h i s  c h a r a c t e r  c o u ld  be u s e d  as a r a p i d  method f o r  
d i f f e r e n t i a t i n g  s p e c i e s .  These dyes i n  a s y n t h e t i c  medium 
have g iv e n  a p ro m ise  o f  a f f o r d i n g  a d e g re e  o f  d i f f e r e n t i a t i o n  
among t h e  s p e c i e s  t e s t e d ,  b u t  t h e  r e a c t i o n  seems t o  be a 
s p e c i f i c  r a t h e r  t h a n  a group one .  T h is  method h a s  a c e r t a i n  
d i a g n o s t i c  v a lu e  b u t  c a n n o t  be u t i l i z e d  f o r  taxonom ic  p u r p o s e s .
The r e s p o n s e  o f  f u s a r i a  t o  o r g a n i c  dyes and g ro w th -  
i n h i b i t i n g  s u b s t a n c e s  was s t u d i e d  by Leon ian  (1929) who 
i n d i c a t e d  t h a t  such  m igh t  be v a l u a b l e  i n  t h e  i d e n t i f i c a t i o n  o f  
F u sa r ium  i s o l a t e s  which  showed c o n s i d e r a b l e  v a r i a b i l i t y  i n  
growth and i n  m o r p h o lo g i c a l  c h a r a c t e r s .  Moore and Chupp(1952) 
have  shown t h a t  f u s a r i a  b e l o n g i n g  to  t h e  s e c t i o n  E le g a n s  
c a u s in g  w i l t  o f  to m a to ,  cabbage and muskmelon b e h a v e d  s i m i l a r l y  
i n  u t i l i z i n g  d i f f e r e n t  c a rbon  and n i t r o g e n o u s  s u b s t a n c e s  b u t  
d i f f e r  c o n s i d e r a b l y  i n  t h e i r  r e s p o n s e  t o  v a r i o u s  o r g a n i c  dyes
and growth i n n i D i t i n g  suDstances  ana on t n i s  o a s i s  tne caooage  
w i l t  f u s a r i a  can be d e f i n i t e l y  se p a r a ted  from the o th e r  two.
I n  (1955/Buxton and R ic h a rd s  a p p l i e d  a somewhat s i m i l a r  
method and u s e d  16 s o i l  a c t in o m y c e te s  as i n h i b i t i n g  a g e n t s  
to w ard s  p a t h o g e n i c  s t r a i n s  o f  F. oxysporum. The p a t h o g e n i c  
i s o l a t e s  o f  F. oxysporum which  a re  d i s t i n g u i s h a b l e  o n ly  by 
i n f e c t i o n  t e s t s  showed some d i f f e r e n c e s  by t h e i r  t o l e r a n c e  o r  
s e n s i t i v i t y  tow ards  a c t i n o m y c e t e s  on a g a r  m ed ia .  T h is  
d i f f e r e n c e  p r o v i d e s  an i n  v i t r o  t e s t  which d i s t i n g u i s h e s  
be tw een  c e r t a i n  p a t h o g e n i c  forms o f  F. oxysporum t h a t  a r e  
o t h e r w i s e  i n d i s t i n g u i s h a b l e  i n  c u l t u r e .
In  f u n g i  s e r o l o g y  has  b e en  l i t t l e  u se d  t o  d i f f e r e n t i a t e  
s p e c i e s .  S e r o l o g i c a l  t e c h n i q u e s  were f i r s t  a p p l i e d  t o  fungus  
s t u d i e s  by Schü tz  i n  (19020 He u s e d  th e  p r e c i p i t i n  t e s t  t o  
d e te r m in e  th e  r e a c t i o n  o f  v a r i o u s  t y p e s  o f  y e a s t s .  C i t r o n  
(1905) showed t h a t  t h e  f u n g i  c a u s i n g  fav u s  formed a s i m i l a r  
p r e c i p i t i n ,  s i n g e  a serum p ro d u ce d  by T r ic h o p h y to n  
m ic ro sp o ro n  gave a p r e c i p i t i n  r e a c t i o n  w i t h  th e  T r i c h o p h y to n  
from c a t s  and w i t h  e x t r a c t s  f rom fav u s  m a t e r i a l  f rom mice 
and human b e i n g s .
In  th e  p a s t  s e r o l o g y  has  b een  u s e d  i n  l i m i t e d  a t t e m p t s  
to  d i f f e r e n t i a t e  Fu sa r ium  s p e c i e s .  Coonsand S t r o n g  (1928) 
and N e lson  (1933) were u n a b le  t o  p ro d uce  s e r a  w i t h  s u f f i c i e n t l y  
h ig h  t i t e r s  a g a i n s t  s e v e r a l  s p e c i e s  o f  Fusar ium  f o r  p r e c i p i t i n  
t e s t s .  L ink  and W ilcox (1933) were a b l e  t o  d e v e lo p  good 
t i t e r s  i n  immune s e r a  a g a i n s t  s e v e r a l  s p e c i e s  and s t r a i n s  o f  
F usar ium  b u t  c o u ld  n o t  d i f f e r e n t i a t e  them by p r e c i p i t i n  tu b e  
t e s t s .
Tempel (1957,  1959) was afele t o  d i f f e r e n t i a t e  b e tw een  
two s t r a i n s  o f  Fusar ium  oxysporum , i . e .  F. oxysporum f .  p i s i  
and F. oxysporum f .  l u p i n i , b u t  was u n s u c c e s s f u l  i n  l a t e r  
a t t e m p t s  to  d i f f e r e n t i a t e  be tw een  other s t r a i n s  o f  F u sa r ium  
s p e c i e s .  Buxton (1 9 6 1 ) ,  Madho Singh ( 1 9 6 4 ) ,  Mahadevan (1964) 
and Morton and Dukes (19 6 6 ) were  a b l e  t o  d i s t i n g u i s h  by  
s e r o l o g i c a l  t e c h n i q u e s  s p e c i e s  w i t h i n  th e  genus F u s a r i u m , and 
formae s p é c i a l e s  and r a c e s  w i t h i n  F. oxysporum . In  a d d i t i o n  
t h e r e  was some i n d i c a t i o n  t h a t  F .  oxysporum and F.  m o n i l i f o r m e  
were s e r o l o g i c a l l y  c l o s e r  t h a n  e i t h e r  o f  t h e s e  and F . s o l a n i  
(Madho S in g h ,  1 964) .  Ka lyan-Sundaram  e t  a l .  (1967) and
Kalyan Sundaram and C h a r u d a t t a n  (1969) have shown t h a t  
im m u n o d i f fu s io n  u s i n g  a n t i s e r a  p ro d u c e d  i n  r a b b i t s ,  r a t s  and 
g u in e a  p i g s  showed a r e l a t i o n s h i p  be tw een  F. v a s i n f e c t u m  and 
F . cube Vis and l a c k  o f  r e l a t i o n s h i p  b e tw een  t h e s e  s p e c i e s  and 
S c l e r o t i u m  r o l f s i i .
Booth (1962) s u g g e s t e d  t h a t  s e r o l o g y  m ig h t  be a u s e f u l  
t o o l  i n  th e  taxonomy o f  F u s a r iu m . Renard  and Meyer (1969) 
a n a l y s e d  s e r o l o g i c a l l y  by th e  d o u b l e - d i f f u s i o n  t e c h n i q u e  i n  
a g a r  g e l  and by I m m u n o e le c t r o p h o r e s i s  th e  s a p r o p h y t i c  and 
p a t h o g e n i c  forms o f  F .  oxysporum. A l l  t h e  s t r a i n s  i s o l a t e d  
from a r e s t r i c t e d  g e o g r a p h i c a l  a r e a  seem t o  b e lo n g  t o  one 
s e r o l o g i c a l  group and r e v e a l  no m a jo r  q u a l i t a t i v e  d i f f e r e n c e  
be tw een  s a p r o p h y t i c  and p a t h o g e n i c  s t r a i n s  and b e tw een  s t r a i n s  
o f  d i f f e r e n t  w i l d  t y p e s .
S a d a s iv a n  (19 70) s t a t e d  t h a t  v i r u l e n c e  and a v i r u l e n c e  
b o t h  i n  F. v a s i n f e c t u m  and P y r i c u l a r i a  o ry za e  a p p e a r  t o  be 
r e f l e c t e d  i n  a n t i g e n i c i t y  b u t  d i f f e r e n c e s  i n  h o s t  s p e c i f i c i t y  
i n  th e  f o rm e r  and n u t r i t i o n a l  r e q u i r e m e n t s  i n  t h e  l a t t e r  were  
n o t  c o r r e l a t e d  s e r o l o g i c a l l y .
The f i r s t  i n v e s t i g a t i o n s  o f  p r o t e i n  a n a l y s i s  as  a 
taxonom ic  t o o l  i n  f u n g i  were made by Chang, Srb and S tew ard  
(1962) on N e u ro sp o ra  s p e c i e s  and C la r e  (1963) on Py th ium  
s p e c i e s .  S ince  t h e n  s e v e r a l  i n v e s t i g a t o r s  have exam ined  th e  
p o s s i b i l i t y  o f  s e p a r a t i n g  p r o t e i n s  o r  enzymes o f  f u n g i  by 
e l e c t r o p h o r e s i s  i n  s t a r c h  o r  a c r y la m id e  g e l s  and u s i n g  t h e  
r e s u l t a n t  p a t t e r n s  as taxonom ic  c r i t e r i a .  (M. C. Combs and 
W in s te a d ,  1963; Meyer, G a rber  and S h a e f f e r ,  1964; D u rb in ,  
196 6 ) .
H a l l  (1967) s t u d i e d  th e  p r o t e i n  p a t t e r n  o f  12 i s o l a t e s  
o f  Fusar ium  s o l a n i , i . e .  F. s o l a n i  f .  c u c u r b i t a e , J .  s o l a n i  
f . p i s i  ( 8  i s o l a t e s ) , F .  s o l a n i  f .  p h a s e o l i , F. s o l a n i  
(2 i s o l a t e s ) .  The p r o t e i n  p a t t e r n  o f  one i s o l a t e  o f  F. s o l a n i
f . p i s i  showed l i t t l e  d i f f e r e n c e  u n d e r  v a r i o u s  c u l t u r a l  
c o n d i t i o n s ,  b u t  t h e  c a t a l a s e  p a t t e r n s  v a r i e d  w i t h  age o f  t h e  
c u l t u r e ,  i l l u m i n a t i o n ,  number o f  conidia i n  th e  in o cu lu m  and 
th e  p o r t i o n  o f  th e  growth h a r v e s t e d .  The c a t a l a s e  p a t t e r n  
d i f f e r e d  i n  hyphae and s p o r e s .  Under c o n d i t i o n s  optimum f o r  
t h i s  i s o l a t e  p a t h o g e n i c a l l y  and c u l t u r a l l y  d i s t i n c t  i s o l a t e s  
p ro d u ce d  i d e n t i c a l  p r o t e i n  p a t t e r n s  b u t  d i f f e r e n t  c a t a l a s e  
p a t t e r n s .  I t  was a l s o  o b s e r v e d  t h a t  s a p r o p h y t i c  and p a r a s i t i c
forms p ro d u c e d  e s s e n t i a l l y  i d e n t i c a l  p r o t e i n  p a t t e r n s  i n
Meyer and Renard  ( 1 9 6 9 ) ,  employing  p r o t e i n  and e s t e r a s e  
s p e c t r a  o b t a i n e d  by p o l y a c r y l a m id e  g e l  e l e c t r o p h o r e s i s ,  have  
shown t h a t  g r e a t  d i f f e r e n c e s  e x i s t  w i t h i n  p a t h o g e n i c  formae 
even from a r e s t r i c t e d  g e o g r a p h i c a l  a r e a ,
Glynn and Re id  ( 1 9 6 9 ) ,  however ,  have  shown t h a t  t h e  
p a t t e r n s  o b t a i n e d  by p o l y a c r y l a m id e  g e l  d i s k  e l e c t r o p h o r e s i s  
o f  b u f f e r  s o l u b l e  p r o t e i n s  from 33 i s o l a t e s  o f  v a r i o u s  s p e c i e s  
o f  F. oxysporum and 13 o t h e r  s p e c i e s ,  were  n o t  s u f f i c i e n t l y  
d i s t i n c t  t o  be u t i l i z e d  as a taxonom ic  c h a r a c t e r .
B a t ik y a n  (1968) made c y t o l o g i c a l  o b s e r v a t i o n s  on some 
s p e c i e s  o f  Fusar ium  and showed t h e i r  im p o r ta n c e  i n  t h e  taxonomy 
o f  t h i s  i m p o r t a n t  g en u s .  He has  shown th e  number o f  n u c l e i  
i n  h y p h a l  c e l l s  o f  F. avenaceum t o  be 1 -4 ,  F . s o l a n i  1-5 and 
F . oxysporum 2 - 5 .  The form o f  t h e  n u c l e i  o f  t h e s e  t h r e e  
s p e c i e s  was a lm o s t  th e  same ( s p h e r i c a l ,  o v a l  o r  b e a n - s h a p e d ) . 
The h a p l o i d  number o f  chromosomes i n  F. avenaceum was 5,
F . s o l a n i  4-5 and F. oxysporum 4 - 5 .  The c o n i d i a l  c e l l s  were 
u n i n u c l e a t e  ( h a p l o i d )  and i n  s p i t e  o f  c o n s i d e r a b l e  s i m i l a r i t i e s  
some o f  t h e  d i f f e r e n c e s  m en t io n ed  above c o u ld  be  u s e d  f o r  
s e p a r a t i n g  t h e s e  s p e c i e s .
P a p e r  p a r t i t i o n  ch ro m a tog raph y  t e c h n i q u e s  f o r  t h e  
d e t e c t i o n  o f  s u g a r s  and amino a c i d s  a r e  b e i n g  w i d e l y  u s e d  i n  
b i o l o g i c a l  s c i e n c e  and have  been  r e c e n t l y  u t i l i z e d  i n  taxonom ic  
s t u d i e s  (B id w e l l  e t  a l .  1952; B u z z a t i ^  T r a v e r s e  and R e c h n i t z e r  
1 95 3 ) .  The u se  o f  t h i s  t e c h n iq u e  i n  s t u d y i n g  r e l a t i o n s h i p s  
i n  F u s a r i a  h a s  shown t h a t  t h e  d i f f e r e n c e  i n  c o m p o s i t i o n  o f  t h e  
f u n g a l  mycelium o f  d i f f e r e n t  F usar ium  s p e c i e s  i s  n o t  r e f l e c t e d  
i n  t h e  p a t t e r n  o f  f r e e  amino a c i d s  p r e s e n t .
Aaansonian mexnoas in  n i o i o g i c a i  c l a s s i f i c a t i o n
Whenever a b i o l o g i s t  has  s t u d i e d  a l a r g e  number o f  
d i f f e r e n t  o rgan ism s  he has  t r i e d  t o  a r r a n g e  them s y s t e m a t i c a l l y  
i n  g roups  o f  some k i n d ,  a c c o r d i n g  to  t h e i r  s i m i l a r i t i e s  and 
d i f f e r e n c e s .  The p r o c e s s  o f  s y s t e m a t i c  a r r a n g e m e n t  when 
a p p l i e d  t o  l i v i n g  t h i n g s  i s  te rm ed  taxonomy. Components o f  
taxonomy a re  ( i )  c l a s s i f i c a t i o n ,  ( i i )  n o m e n c la t u r e ,  and 
( i i i )  i d e n t i f i c a t i o n .
Taxonomic g roups  can be o f  many k in d s  and th e  n a t u r e  
o f  c l a s s i f i c a t i o n  depends'  on t h e  p u rp o se  f o r  which  i t  i s  
c o n s t r u c t e d  (Gilmour  193%, 1940, 1 9 5 1 ) .  C l a s s i f i c a t i o n s  may 
be b a s e d  on one c r i t e r i o n  ( m o n o th e t i c )  o r  a few c r i t e r i a  
( o l i g o t h e t i c )  o r  on many, and d e v i s e d  f o r  s p e c i a l  o r  g e n e r a l  
p u r p o s e s .  In  m o n o th e t i c  groups a l l  members p o s s e s s  a u n iq u e  
s e t  o f  f e a t u r e s  (Beckner  19 5 9 ) .  The s p e c i a l  p u r p o s e s  
c l a s s i f i c a t i o n s  have a l s o  been  c a l l e d  a r t i f i c i a l  o r  a r b i t r a r y  
c l a s s i f i c a t i o n s  o r  c a t a l o g u e s  (S n e a th  195 7a) . Such 
c l a s s i f i c a t i o n s  t h e r e f o r e  can n o t  be s t a b l e ,  e . g .  t h e  
a r ra n g em e n ts  o f  books a l p h a b e t i c a l l y  by th e  a u t h o r s  * names 
i s  o f  v a lu e  f o r  t h e  p u rp o se  o f  f i n d i n g  th e  book i f  t h e  a u t h o r * s  
name i s  known, b u t  i t  i s  o f  no gu ide  t o  t h e  s h a p e ,  s i z e ,  
c o l o u r  o r  s u b j e c t  m a t t e r  o f  th e  book .  C l a s s i f i c a t i o n s  b a s e d  
on any one o f  t h e s e  c h a r a c t e r s  would  be m o n o t h e t i c .
I n  c o n t r a s t  t o  t h i s  i s  p o l y t h e t i c  c l a s s i f i c a t i o n ,  i n  _ 
which o b j e c t s  o r  o rgan ism s  w i t h  th e  h i g h e s t  o v e r a l l  s i m i l a r i t y  / 
a r e  g rouped  t o g e t h e r  and no s i n g l e  f e a t u r e  i s  e i t h e r  e s s e n t i a l  
o r  s u f f i c i e n t  t o  make an o b j e c t  o r  an o rgan ism  a member o f  
the g ro u p .  Such g ro u p s ,  i n  which s e v e r a l  s e t s  o f  c h a r a c t e r s  
o c c u r ,  a r e  c a l l e d  ' p o l y t y p i c *  by B eckner  (1959) o r  ' p o l y t h e t i c * ,  
and such  c l a s s i f i c a t i o n s  a r e  o f t e n  th o u g h t  o f  as b e i n g  more 
' n a t u r a l *  t h a n  m o n o th e t i c  o n e s .  The a r t i f i c i a l  c l a s s i f i c a t i o n s  
d i f f e r  i n  d eg re e  and n o t  i n  k i n d .
The te rm  ' n a t u r a l *  as a p p l i e d  t o  c l a s s i f i c a t i o n  h as  
i t s e l f  many m e a n in g s . Most commonly i t  i s  t a k e n  t o  mean 
' p h y l o g e n e t i c  c l a s s i f i c a t i o n * .  The te rm  p h y l o g e n e t i c  
c l a s s i f i c a t i o n  has  been  d e f i n e d  as ' t h e  a r t  o f  g r o u p i n g  o f  
l i v i n g  o rgan ism s  i n  t h e  manner which e x p r e s s e s  b e s t  t h e  d e g re e  
o f  t h e i r  e v o l u t i o n a r y  r e l a t e d n e s s *  ( S t a n i e r ,  D o u d o ro f f  and 
Adelb e r g , 19 6 6 ) .
For  e a r l i e r  t a x o n o m i s t s ,  i n c l u d i n g  L in n a e u s ,  t h e  ' n a t u r a l  
c l a s s i f i c a t i o n '  o f  o rgan ism s  was i n t e n d e d  t o  be b a s e d  on t h e i r  
' r e a l  n a t u r e ' o r  ' e s s e n c e *  i n  an A r i s t o t e l i a n  s e n s e .
In  many g roups  o f  h i g h e r  p l a n t s  and an im a ls  t h e  
c o n s t r u c t i o n  o f  a n a t u r a l  o r  p h y l o g e n e t i c  c l a s s i f i c a t i o n  i s  
r e l a t i v e l y  e a s y  b e c a u s e  o f  t h e  a v a i l a b i l i t y  o f  p a l a e o n t o l o g i c a l  
d a t a  showing t h e i r  e v o l u t i o n a r y  r e l a t i o n s h i p s .  In  m ic r o ­
o rgan ism s  th e  prob lem  o f  e s t a b l i s h i n g  n a t u r a l  t a x a  on a p h y l o ­
g e n e t i c  b a s i s  becomes m ost  a c u t e  b e c a u s e  o f  th e  absen c e  o f  
p a l a e o n t o l o g i c a l  d a t a .  Many m i c r o b i o l o g i s t s  even  b e l i e v e  t h a t  
t o  make a n a t u r a l  sy s tem  o f  c l a s s i f i c a t i o n  on t h e  b a s i s  o f  th e  
e v o l u t i o n a r y  o r  g e n e t i c  r e l a t i o n s h i p s  o f  m ic ro o rg a n i sm s  i s  n o t  
f e a s i b l e .
As m i c r o b i o l o g i s t s  a r e  u n a b le  t o  c o n s t r u c t  n a t u r a l  t a x a  
on a p h y l o g e n e t i c  b a s i s  t h e y  have  to  make u se  o f  o v e r a l l  
s i m i l a r i t y  o r  a f f i n i t y  o f  m ic ro o rg an ism s  i n  c l a s s i f i c a t i o n .
Soka l  and S n e a th  (1963) em phas ized  t h a t  t h e  m ost  u s e f u l  way o f  
c o n s t r u c t i n g  m i c r o b i a l  taxonom ic  g roups  would be one b a s e d  on 
th e  o v e r a l l  r e s e m b la n c e s  o r  l i k e n e s s e s  o f  m ic r o o r g a n i s m s , 
employing  as v a r i e d  a s e l e c t i o n  o f  c h a r a c t e r s  as p o s s i b l e .
Such a c l a s s i f i c a t i o n  w i l l  show t h e  r e l a t i o n s h i p  o f  o rg an ism s  
b a s e d  n o t  on a n c e s t r y  b u t  on o v e r a l l  s i m i l a r i t y  o r  a f f i n i t y  
(Cain  and H a r r i s o n ,  1 9 6 0 ) .
A f t e r  d e c i d i n g  t h a t  m i c r o b i a l  c l a s s i f i c a t i o n  s h o u l d  be  
p o l y t h e t i c  and b a s e d  on o v e r a l l  s i m i l a r i t y ,  t h e  n e x t  s t e p s  a r e  
t o  choose  as v a r i e d  a s e l e c t i o n  o f  c h a r a c t e r s  as p o s s i b l e ,  
i . e .  m o r p h o l o g i c a l ,  p h y s i o l o g i c a l ,  s e r o l o g i c a l ,  p a t h o l o g i c a l  
and so  on,  and t o  d e c id e  how th e  a v a i l a b l e  d a t a  s h o u l d  be u s e d ,  
f o r  exam ple ,  s h o u l d  t h e r e  be any w e i g h t i n g  o f  c h a r a c t e r s .
In  m i c r o b i a l  taxonomy, m o r p h o lo g i c a l  c h a r a c t e r s  a r e  u se d  
t o  d e f i n e  groups a t  a l l  l e v e l s  (Cohn, 1872; O r l a  J e n s e n ,  1909, 
and P r e v o t ,  1 9 33 ) .  P r e v o t  (1933) s t a t e s  t h a t  m o r p h o l o g i c a l  
c h a r a c t e r s  d e f i n e  g e n e r a ,  p h y s i o l o g i c a l  c h a r a c t e r s  s p e c i e s ,  
and s e r o l o g i c a l  c h a r a c t e r s  d e f i n e  v a r i e t i e s  w i t h i n  a s p e c i e s .
The t h e o r y  has  a c o n s i d e r a b l e  i n f l u e n c e  on t h e  c u r r e n t  taxonomy 
o f  y e a s t s .  The o r i g i n  o f  t h i s  t h e o r y ,  sometimes c a l l e d  
s u b o r d i n a t i o n  o f  c h a r a c t e r s ,  and i t s  deve lopm en t  by  De J u s s i e u s ,  
De C an d o l le  and C u v ie r  i n  p a r t i c u l a r ,  i s  d i s c u s s e d  by Cain  
(1959a) .
I f  t h e  t h e o r y  were g e n e r a l l y  t r u e  t h e n  c o n s t r u c t i n g  a 
' n a t u r a l *  taxonomy would be a s i m p l e r  m a t t e r .  U n f o r t u n a t e l y  
i t  i s  n o t .  The d i f f i c u l t y  i s  t o  d e c id e  which m o r p h o l o g i c a l  
and p h y s i o l o g i c a l  c h a r a c t e r s  a re  i m p o r t a n t  o r  s i g n i f i c a n t  and 
which a r e  n o t .  Mammals, f o r  exam ple ,  show p e c u l a r i t i e s  i n  
m orphology ,  p h y s i o l o g y ,  b i o c h e m i s t r y ,  c y t o l o g y  e t c .  This  
means t h a t  w h e th e r  m o r p h o lo g i c a l  o r  p h y s i o l o g i c a l  o r  o t h e r  
ty p e s  o f  f e a t u r e s  a re  t o  be u s e d  f o r  th e  d e f i n i t i o n  depends on 
which k in d s  one i g n o r e s  o r  upon how one d e f i n e s  t h e s e  t e r m s .  
P r e v o t* s  ty p e  o f  c l a s s i f i c a t i o n  i s  r e p r e s e n t a t i v e  o f  a l l  
a r t i f i c i a l  o r  o l i g o t h e t i c  c l a s s i f i c a t i o n s  and s u f f e r s  f rom th e  
common f a u l t s ,  i n c l u d i n g  i t s  i n a b i l i t y  t o  d e a l  w i t h  a t y p i c a l  
o r  a b e r r a n t  s t r a i n s .  A b e r r a n t  s t r a i n s  which  do n o t  f i t  t h e  
shemes a r e  c o n s t a n t l y  b e i n g  found  and th u s  may be a s o u r c e  o f  
c o n f u s i o n  t o  th e  t a x o n o m i s t .
With th e  p r e s e n t  s t a t e  o f  knowledge one c a n n o t  d e c i d e  
a p r i o r i  which  f e a t u r e s  o f  m ic ro o rg an ism s  a r e  good g u id e s  to  
p h y to g en y  and i t  i s  t h e r e f o r e  n o t  p o s s i b l e  t o  d e c id e  w h e t h e r  
one c h a r a c t e r  i s  more i m p o r t a n t  t a x o n o m i c a l l y  t h a n  a n o t h e r ;  
th u s  e q u a l  w e ig h t  s h o u l d  be g iv e n  t o  e v e r y  a v a i l a b l e  c h a r a c t e r .  
Thus t h e r e  w i l l  no l o n g e r  be a c o n f l i c t  be tw een  m o r p h o l o g i c a l  
and p h y s i o l o g i c a l  c r i t e r i a  b e c a u s e  a l l  k in d s  o f  c h a r a c t e r s  
c o n t r i b u t e  t o  t h e  e s t a b l i s h m e n t  o f  t a x a .
The f i r s t  t a x o n o m is t  t o  a t t e m p t  t o  d i s c o v e r  t h e  l o g i c a l  
b a s i s  o f  ' n a t u r a l *  groups  was p r o b a b l y  M iche l  Adanson (1728-  
180 6 ) .  He d e s c r i b e d  a new method o f  c l a s s i f i c a t i o n  i n  h i s  
work on m o l l u s c s  (Adanson 1757) and d e v e lo p e d  t h i s  i n  d e t a i l  
i n  h i s  famous b o t a n i c a l  t e x t  book (Adanson 1763) as " l a  methode 
n a t u r e l l e " .  The i m p o r t a n t  p o i n t  was,  t h a t  c r e a t u r e s  s h o u l d  
be g rouped  t o g e t h e r  on th e  b a s i s  o f  t h e  g r e a t e s t  number o f  
f e a t u r e s  t h e y  p o s s e s s  i n  common and t h a t  t h e r e  was no 
j u s t i f i c a t i o n  f o r  d e c i d i n g  a p r i o r i  on t h e  r e l a t i v e  im p o r t a n c e  
o f  c h a r a c t e r s  i n  making a n a t u r a l  taxonomy. This  w a s ,  o f  
c o u r s e ,  a d i r e c t  argument  f o r  e q u a l  w e i g h t i n g  o f  c h a r a c t e r s  
( S n e a th  1 9 6 2 ) ,  and on t h i s  p o i n t  he was c r i t i c i z e d  by h i s  
c o n t e m p o r a r i e s .  Adanson*s method w as ,  though  e x c e l l e n t  i n  
t h e o r y ,  a f a i l u r e  i n  p r a c t i c e  b e c a u s e  t h e  m a t e r i a l  a v a i l a b l e  
was too  l i m i t e d  t o  a l lo w  o f  s u c c e s s  ( S t e a r n ,  1961) . S o k a l  •
and S n e a th  (1963) added t h a t  Adanson*s i d e a s  c o u ld  n o t  show 
t h e i r  v a lu e  u n t i l  t h e  s t a t i s t i c a l  p r o c e d u r e  which  t h e y  r e q u i r e
c o u ld  be h a n d le d  by  a modern e l e c t r o n i c  computing  machine
S n e a th  ( l y s / b j  r e a l i z e d  th e  v a lu e  o f  Adanson*s i m p a r t i a l  
a p p ro ach  and was th e  f i r s t  t o  a p p ly  t h i s  methhd t o  b a c t e r i a  i n  
a s t u d y  o f  th e  genus C hrom obac te r ium . T h is  sy s te m  was d e s i g ­
n a t e d  as "A danson ian  c l a s s i f i c a t i o n "  which  i s  b a s e d  on th e  
f o l l o w i n g  f i v e  p r i n c i p l e s : -
1) The i d e a l  ' n a t u r a l *  taxonomy i s  t h a t  i n  which  t h e  
t a x a  have th e  g r e a t e s t  c o n t e n t  o f  i n f o r m a t i o n  and 
which  i s  b a s e d  on as many c h a r a c t e r s  as p o s s i b l e .
2) A p r i o r i , e v e r y  c h a r a c t e r  i s  o f  e q u a l  w e i g h t  i n  
c r e a t i n g  n a t u r a l  t a x a .
3) O v e r a l l  s i m i l a r i t y  ( o r  a f f i n i t y )  i s  a f u n c t i o n  o f  
t h e  p r o p o r t i o n  o f  f e a t u r e s  i n  common.
4) D i s t i n c t  t a x a  a r e  b a s e d  on c o r r e l a t e d  f e a t u r e s .
5) A f f i n i t y  i s  t r e a t e d  as i n d e p e n d e n t  o f  p h y lo g e n y ,
i . e .  as an i n d e p e n d e n t  taxonom ic  d im e n s io n ,  and 
i s  t h e r e f o r e  p h e n e t i c .
(S ok a l  and S n e a th  1963 m o d i f i e d  from S n e a th  1 9 5 8 ) .
S n e a th  (1957b) a n a l y s e d  th e  r e s u l t  o f  h i s  s t u d y  on 
Chromobacter ium w i t h  t h e  a i d  o f  an e l e c t r o n i c  com pu te r  and 
th u s  added a n o t h e r  d im ens io n  t o  t h e  s t u d y  o f  b a c t e r i a l  taxonomy. 
This  a pproach  i s  c a l l e d  ' n u m e r i c a l  taxonomy*. S o k a l  and 
S n e a th  (1963) d e f i n e d  n u m e r i c a l  taxonomy as " . . .  t h e  n u m e r i c a l  
e v a l u a t i o n  o f  t h e  a f f i n i t y  o r  s i m i l a r i t y  be tw een  tax o no m ic  u n i t s  
and o r d e r i n g  o f  t h e s e  u n i t s  i n t o  t a x a  on t h e  b a s i s  o f  t h e i r  
a f f i n i t i e s " .
An a t t e m p t  was made by S n e a th  and Cowan (1958) t o  s t u d y  
t h e  c l a s s i f i c a t i o n  o f  a wide rang e  o f  b a c t e r i a  on t h e  b a s i s  o f  
t h e i r  o v e r a l l  s i m i l a r i t y  u s i n g  e x i s t i n g  r e c o r d s .  A l th o ug h  
t h e y  r e a l i z e d  t h a t  th e  d a t a  u s e d  were n o t  i d e a l  f o r  t h e  p u r p o s e ,  
th e  r e s u l t s  o b t a i n e d  were  i n t e r e s t i n g  and s a t i s f a c t o r y .
S in c e  t h e  p i l o t  s t u d i e s  o f  S n e a th  (1957b) and S n e a th
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and Cowan ( 1 9 5 8 ) ,  numerous o t h e r  s u c c e s s f u l  a t t e m p t s  have  b e en  
made t o  c l a s s i f y  a wide ran g e  o f  b a c t e r i a  u s i n g  A d a n so n ian  
m ethods .  These i n c l u d e  s t u d i e s  on a c t in o m y c e t e s  ( G i l a r d i  e t  
a l .  , 1960; H i l l  e t  a l . ,  1961; S i l v e s t r i  e t  a l . ,  1962;
M e l v i l l e ,  196 5 ) ,  M ycobac ter ium  ( B p j a l i l  and Cerbon,  1961;
Cerbon and B o j a l i  , 1 9 6 1 ) ,  Pseudomonas and Xanthomonas (C o lw e l l  
and L i s t o n ,  1 9 6 1 a , è ) ,  L a c t o b a c i l l u s  (Cheeseman and B e r r i d g e , 1 9 5 9 ) ,
M icrococcus  ( H i l l ,  1959; PoÜja, 1960; Po h ja  and G y l l e n b e r g ,
19 6 2 ) ,  F l a v o b a c t e r i u m . ( F lo o d g a te  and Hayes ,  1 9 6 3 ) ,  P a s t e u r e l l a  
( T a l b o t  and S n e a th  *96o ; Smith and T h a i ,  1965; H u s s a i n i ,  1966) ,  
S t r e p t o c o c c u s  (Colman, 1 9 6 8 ) ,  C o ry n e b ac te r iu m  pyogenus 
( R o b e r t s ,  1 9 68 ) ,  R h iz o b ia c e a e  ( M o f f e t t  and C o l w e l l ,  1968) and 
Chromobacter ium t y p h i f l a v u m  and B a c te r iu m  e u r y d i c e  ( S h r i v a s t a v a ,  
1970) . )
In  z o o lo g y ,  n u m e r i c a l  taxonomy has  been  a p p l i e d  t o  t h e  
b o r i n g  sponge genus C l i n o t a  ( L i t t l e ,  1963) ,  t o  b e e s  (M ichener  
and S o k a l ,  1957; Soka l  and M ic h en e r ,  1958; S o k a l ,  1958;
R o h l f  and S o k a l ,  1962,  I T ' S ) ,  t o  b u t t e r f l i e s  o f  t h e  genus 
Euphydra  ( E h r l i c h ,  19 61) and t o  t h e  m o sq u i to  genus Aedes 
( R o h l f ,  1962)•  In  b o t a n y ,  t h i s  method has  been  a p p l i e d  t o  
r i c e  ( Oryza s p e c i e s )  by Morish im a and Oka (1960) and t o  manioc  
p l a n t s  by Rogers and Tanimote  (1960)•  N um er ica l  methods have  
a l s o  been  a p p l i e d  i n  p a l a e o n t o l o g y  to  f o s s i l  f i s h  ( S n e a t h ,  1961) .
A danson ian  taxonomy i s  p r o v i n g  o f  i n t e r e s t  i n  t h e  f i e l d  
o f  m e d ic a l  d i a g n o s i s  f o r  c l a s s i f y i n g  d i s e a s e  syndromes ( D o l l ,  
Hayhae and W h i t f i e l d ) ,  and s i m i l a r  methods a re  a l r e a d y  u s e d  i n  
f i e l d s  su c h  as e c o lo g y  (W il l iam s  and L am ber t ,  1959) and 
p h i l o l o g y  (R oss ,  195 0 ) .
N u m er ica l  taxonom ic  methods o f  c l a s s i f i c a t i o n  have  a l s o  
been  u se d  f o r  an im a l  v i r u s e s  (Andrew@&and S n e a th ,  1958; S n e a t h ,  
1962) and f u n g i . A l though  t h i s  t e c h n i q u e  has  b e e n  q u i t e  
w i d e ly  a p p l i e d  t o  o t h e r  o rgan ism s  i t  has  b e en  r e l a t i v e l y  l i t t l e  
u s e d  f o r  f u n g i  (K en d r ick  and P r o c t o r ,  1964; I b ra h im  and T h r e l f a l l ,  
1 966) .
The f u n g i  i m p e r f e c t i  a r e  s u i t a b l e  s u b j e c t s  f o r  n u m e r i c a l  
methods b e c a u s e  no sy s te m  o f  c l a s s i f i c a t i o n  f o r  t h i s  group  can 
c la im  any s u p p o r t  from g e n e t i c  o r  p a l a e o n t o l o g i c a l  s t u d i e s  
and t a x a  a r e  b a s e d  o n ly  on m o r p h o lo g i c a l  c h a r a c t e r s  ( S a c c a r d o ,  
1886) . F r e q u e n t l y ,  w e i g h t i n g  has  b een  a p p l i e d  t o  c h a r a c t e r s  
b e l i e v e d  t o  be i m p o r t a n t  i n  th e  e v o l u t i o n a r y  s e n s e .  As a 
r e s u l t  t axonom ic  d e c i s i o n s  i n  t h e  f u n g i  i m p e r f e c t i  a r e  o f t e n  
a r b i t r a r y  i n  n a t u r e .
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TABLE 1
The f o l l o w i n g  c u l t u r e s  were used :
I s o ­
l a t e  Name o f  t h e  s p e c i e s  
No.
Source  Host C .M .I .  D e p o s i t e d  
No.________ by_____
1. Fusar ium  m o n i l i f o r m e  
V. s u b g l u t i n a n s
Wollenw. & Rg. C .M .I .
2. F. s e m i tec tu m
Berk & Rav. C .M .I .
3. F. poae (peck)
Wollenw. C .M .I .
4 . F . oxysporum
S c h l e c h t .  ex F r .  C .M .I .
5 .  F. d e c e m c e l l u l a r e
B r i c k  C .M .I .
6 . F . coeru leum
( L i b e r t )  S a c c .  C .M .I .
7. F . graminearum
Schwabe C .M .I .
8 . F . culmorum
(W.C.Sm.) S a c c .  C .M .I .
9 .  F . avenaceum S e l f
( F r . )  S a c c .
10. F . avenaceum S e l f
( F r . )  S a c c .
11. F . culmorum S e l f
(W.C.Sm.) S a c c .
12. F. sambucinum v .
coeru leum  Wollenw. S e l f
13.  F. avenaceum ( F r . )
S a c c .  S e l f
14.  Fusar ium  s p . ?  S e l f
15. F . culmorum
(W.C.Sm.) S a c c .  S e l f
16a .  F. m o n i l i f o r m e
She ldon  C .M .I .
S o i l
S o i l
Root
s u r f a c e
S o i l
Root
s u r f a c e
S o i l
S o i l
Dr Booth 
53593 CB
128222
103888
130224
80813
130033
S e l f
132592 S e l f
132593 S e l f
132594 S e l f
132595 S e l f  
S e l f
132597 S e l f
112352 Dr Booth
I s o ­
l a t e  
No.
Name o f  t h e  s p e c i e s  S o u tc e  Host C .M .I .  D e p o s i t e d  
No._________ by
16 b . F. m o n i l i f o r m e  v . 
s u b g l u t i n ans 
Wollenw. & Rg.
16c.  F . m o n i l i fo rm e  
17.
She ldon
F. l a t e r i t i u m  Nees.
ex F r .  Sensu 
Snyder  & Hansen
18. F . e q u i s e t i  (Corda) 
S a c c .
19. F . chlamydosporum 
Wollenw. & Rg.
2 0 . F . a r t h r o s p o r f o id e s
s h e r b .
2 1 . F . s p o r o t r i c h i o i d e s  
S h e r b .
22a .  F . avenaceum ( F r . )  
Sacc .
22b. F. avenaceum ( F r . )  
S a c c .
23. F . aquae ductuum 
R a d i . & Rab .)  
L a n g e rh e in
(N. e p i s p h a e r i a )
24. F. acuminatum 
E l l .  & Ev.
25. F. sambucinum 
F u c k e l .
26a .  F . m er ism oides  
Corda
2 6b . F . m er ism oides  
Corda
2 7. F .  dimerum 
P e n z ig
28. F. s t i l b o i d e s  
Wollenw.
29. F . coeru leum  
( L i b e r t )  S a c c .
30. F . tumidum 
S h e r b .
C .M .I .
C i t r u s
medica
S p in a c e a  
o l e r a c e a  133166
Pen n ise tum  
glaucum 136690
P enn ise tu m  
glaucum 125834
136156 Dr Booth
137251 E. M. Abou
137484 M. P. Tandon
R. I .  L e a t h e r  
Ram Nath 
Ram Nath
S e l f
C .M .I .
Maize
s o i l
Oat
s e e d s
136284
137728
Dry
C a s s i a
C .M .I .  r o o t  103658
134677
C y s t i s u s  
s c o p a r i u s  107214
Sugar
b e e t
B r a s s i c a  
o l e r a c e a  103867
S e l f
W. Bramley  
105043 H. J .  Houghto
S. A. J .  T a r r
Myuli  b i r d ’s
n e s t  117087b M. D. Counde 
Coffee
b e r r i e s  108201b
Solanum 136930 
tuberosum
Bovine f o e t u s
102084 P.  A us tw ick
xa. Lc
No.
iNcHiie u i  Liie b p e u x c b o u u r c t j  nu5L No. by
31. F. x y l a r i o i d e s  
S t e y a e r t
C of fea  
C .M .I .  t y p i c a 93215 J .  Krang
32 . F . h e te r o s p o r u m  
Nees 49193 -
33. F. poae (Peck) 
Wollenw.
" B a r l e y
s p i k e l e t s 110682 D. J .  Ebbels
34. F. n i v a l e  (Fr)  Ces. " T u r f 131785 M. C la rk
35a. F. s o l a n i  (M a r t . )  
S a c c . 131411 J .A .Ekundgo
35b . F. s o l a n i  (M a r t . )  
S acc .
E l a e i s  
" g u i n e e n s i s 136692b D. Shaw
36. F. graminearum 
Schwabe
Oryza 
" s a t i v a 135667b A . I .  James
37. F. s e m i te c tu m A lberm untana
B erk .  & Rav. " s p . 137482 M.P. Tandon
38. F. cam ptoce ra s  
Wollenw. & R e in k in g ’’ Soya bean 131208
40. F . l a rv a ru m  Fu ck e l „ Camélia 133560b
41. F . b u x i c o l a  Sacc .
s i n e n s i s  
" Buxus 136913c R . G . S t r o u t s
42a . F . culmorum 
(W.G.Sm.) S a c c . " Hay 135683 M. C la r k
42b. F . culmorum 
(W.G.Sm.) S a c c . " A z a le a  s p . 125834b M.R. E a l e s
42 c . F. culmorum 
(W.G.Sm.) S a c c . " Zea mays 135794
H. H.
G la s sc o c k
43. F . d e c e m c e l l u l a r e s tem  o f 11611 D. A.
B r i c k w i l t e d  p l a n t s
201.  F. oxysporum f .  p i s i  D ep t .  o f  
Race 1. Bo tany ,
Univ .  ô f  
M a n c h e s te r
207. F . oxysporum f .  p i s i
Race 1.  " Pea
210. F. oxysporum f .  p i s i
Race 2.  " Pea
215. F. oxysporum f .  p i s i
Race 1. ’’ Pea
H. HeI m in th o sp o r iu m .sativum S e l f  Wheat
G r i f f i t h s
O.S.
T a y l o r
S e l f
C .M .I .  = Commonwealth M y c o lo g ic a l  I n s t i t u t e .
The n o m e n c la tu r e  o f  t h e  Fusar ium  s p e c i e s  s t u d i e d  f o l l o w s  t h a t  
g iv e n  by Dr Booth (1 9 6 6 ) .
B a c t e r i a l  C u l t u r e s
I s o ­
l a t e
No.
Name o f  t h e  o rgan ism Source R e fe re n c enumber M a i n t a i n e d
1 . P r o t e u s  v u l g a r i s N .C .T .C . 4636 N u t r i e n t
2 . K l e b s i e l l a  a e ro g e n e s U.O.S. 814
a g a rII 1!
3. E s c h e r i c h i a  c o l i U.O.S. 1369 ÎÎ It
4. Pseudomonas a e r u g i n o s a N.C .T .C . 8505
5. S t r e p t o c o c c u s  f a e c a l i s N .C .T .C . 370 It II
6 . S a l m o n e l l a  typhim urium U.O.S. 305
7. A c i n e t o b a c t e r  a n i t r a t u s N .C .T .C . 8102 It tt
8 . S t a p h y lo c o c c u s  a u re u s 1147
U.O.S. = U n i v e r s i t y  o f  S u r r e y
N.C .T .C .  = N a t i o n a l  C o l l e c t i o n  o f  Type C u l t u r e s
Liquid media
1.  Roulin-Thom [ m o d i f i e d  from Sebek 1952)
T a r t a r i c  a c i d 4 . 0 g
Ammonium t a r t a r a t e 4 .0 g
P o ta s s iu m  c a r b o n a t e 0 . 6 g
( N H j ^ g H P O ^ 0 . 6 g
M g C O g 0 . 4 g
(N H 4 ) 2 S O 4 0 .2 5 g
Z n S 0 ^ . 7 H 2 0 0 .07 g
FeSO^. 7H2 O 0 .0 7 g
D i s t i l l e d  w a te r 1 0 0 0 ml
A c a r b o h y d r a t e  i s  added t o  t h e  b a s i c  medium a t  t h e  
r e q u i r e d  c o n c e n t r a t i o n .  pH 3 . 8 .
A u to c la v e  15 l b / 1 5  min.
2. P o t a t o  w a t e r  (Booth 1966)
1800 gmof p e e l e d ,  d i c e d  King Edward p o t a t o e s  were  p l a c e d
i n  a c h ee se  c l o t h  and su sp en d e d  i n  4500 ml o f  w a t e r .  The 
p o t a t o e s  were b o i l e d  u n t i l  a lm o s t  cooked and t h e  r e s u l t i n g  
p o t a t o  w a t e r  was d e c a n te d  i n t o  b o t t l e s .  The p o t a t o  w a t e r  was 
s t o r e d  i n  t h e  r e f r i g e r a t o r  u n t i l  r e q u i r e d .
3.  KNO  ^ + Glucose  b r o t h
Glucose  3 .0  g
P o ta s s iu m  n i t r a t e  1 .0  g
D i s t i l l e d  w a t e r  - 100 ml
D isp e n se d  i n  5 ml amounts i n t o  6 x I "  t e s t  t u b e s
A u to c la v e  10 l b / 10 min.
4. N u t r i e n t  b r o t h  (Cowan & S t e e l  1965) o x o id  code no.CV\1.
5. P ep tone  w a t e r  (Oxoid code no .  CM61)
6 . C h i t i n  w a t e r
3 .6  g p u re  c h i t i n  was su sp en d e d  i n  1 l i t r e  d i s t i l l e d  
w a t e r .  P u r i f i c a t i o n  o f  t h e  c rude  c h i t i n  and e s t i m a t i o n  o f  
i t s  c o n c e n t r a t i o n  was made by t h e  method o f  Lockwood and 
L ingappa  (1 9 6 1 ) .  A u to c la v e  15 l b / 1 5  min.
S o l i d  m edia
1. P o t a t o  S u c ro se  a g a r  (Booth 1966)
P o t a t o  w a t e r 500 ml
Suc rose 2 0  g
Agar 2 0  g
D i s t i l l e d  w a t e r 500 ml
pH 6 .5
A u to c la v e  15 l b / 1 5  min '
2. Czapeck-Dox (u n m o d if ied ) (B isby  &
NaNOg 2 . 0  g
K2HPO4 1 . 0  g
KCl 0 .5  g
MgSO^.7H2 O 0 . 5  g
FeSO^.7H2 O 0 . 0 1  g
S u c rose 3 0 .0  g
Agar 2 0 . 0  g
D i s t i l l e d  w a t e r 1 0 0 0  ml
pH ,6 . 8  ( a p p r o x . )
A u to c la v e  10 l b / 2 0  min •
3. Czapeck-Dox (m o d if i e d )  Oxoid Code
4.  N u t r i e n t  a g a r  Oxoid Code No. CM3
5. Cornmeal-Sand medium ( M i l l e r  1945)
Sand 1 0 0 0  g
Cornmeal 2 0 0  g
D i s t i l l e d  w a t e r 250 ml
A u to c la v e  15 l b / 1 5  min.
Biochem ica l  media
1. C a se in  (m ilk )  a g a r  (m o d i f i e d  from H a s t i n g s ,  1903) i n
Cowan & S t e e l ,  1965.
2. N u t r f e ù t  C e l a t i n  a g a r  ( F r a z i e r ' s  m ethod ,  1926) i n  Cowan
& S t e e l ,  1965.
3. T y r o s i n  a g a r  (Cordon & Sm ith ,  1955) i n  Cowan & S t e e l ,  1965.
4. C i t r a t e  a g a r  (Simmons, 1926) Oxoid Code No. CM155.
5. Urea a g a r  ( C h r i s t e n s e n ,  1946) i n  Cowan & S t e e l ,  1965.
6 . S t a r c h  a g a r  Cowan & S t e e l ,  1965.
7. Sodium H i p p u r a t e  a g a r  (m o d i f i e d  from H ajna  & Damon, 1934;
T h i r s t ,  1957a) i n  Cowan & S t e e l ,  1965.
8 . P h e n o p t h a l e i n  p h o s p h a t e  a g a r  Cowan & S t e e l ,  19 65.
9 .  O rg a n ic  a c i d  as Carbon s o u r c e  ( a g a r ) (Cordon & Mihm, 1957)
i n  Cowan & S t e e l ,  1965.
10. Litmus m i lk  Cowan & S t e e l ,  1965.
11. KCN b r o t h  ( m o d i f i e d  from M o l l e r  1954b; Rogers  & T a y l o r  1961)
i n  Cowan & S t e e l ,  1965.
12. M alona te  & P h e n y l a l a n i n e  medium (Shaw & C la rk  1955) i n
Cowan & S t e e l ,  1965.
13. C lu c o n a te  b r o t h  (Shaw & C la rk  1955) i n  Cowan & S t e e l ,  1965.
14. T 6.5% NaCl b r o t h  Cowan & S t e e l ,  1965.
15. A r g i n i n e  b r o t h  (Niven e t  a l ,  1942) i n  Cowan & S t e e l ,  1965.
16. A e s c u l i n  b r o t h  S n e a th ,  1966.
17.  Ammonia i n  Pep tone  w a t e r  Cowan & S t e e l ,  1965.
18. N i t r a t e  b r o t h  Cowan & S t e e l ,  1965.
19.  N i t r i t e  b r o t h  Cowan & S t e e l ,  1965.
20. D e c a rb o x y la se  medium ( M o l l e r ,  1955) i n  Cowan & S t e e l ,  1965.
21. Ac id  from S u g a rs  (Tab le  I )  Cowan & S t e e l ,  1965.
2 2 . 0-F medium (Hugh & Lei f s o n  1953) i n  Cowan & S t e e l ,  1965.
23. C a t a l a s e  Cowan & S t e e l ,  1965.
24. O xidase  (Kovacs ,  1956) i n  Cowan & S t e e l ,  1965.
25. C h i t  i n - m i n e r a l  a g a r  (L ingappa  & Lockwood, 1961)
I s o l a t i o n
I s o l a t i o n s  have been  made from t h e  s o i l  c o l l e c t e d  
from Godalming by W arcup 's  method (1 9 5 0 ) .  S o i l  p l a t e s  
were p r e p a r e d  by t r a n s f e r r i n g  a s m a l l  amount o f  s o i l  t o  a 
s t e r i l i z e d  p e t r i  d i s h  and ad d in g  10-15 ml o f  c o o le d  m o l te n  
czapeck-Dox + y e a s t  a g a r  (pH 4 . 2 ) .  The s o i l  p a r t i c l e s  
were t h e n  d i s p e r s e d  th r o u g h  th e  a g a r  by g e n t l e  r o c k i n g .
A f t e r  i n c u b a t i o n  f o r  2 o r  3 days a t  25°C t h e y  were examined 
u n d e r  t h e  m ic ro sc o p e  f o r  t h e  p r e s e n c e  o f  d e v e l o p in g  
Fusar ium  c o l o n i e s .
S i n g l e  sp o re  c u l t u r e s
A l l  th e  c u l t u r e s  u se d  were p u r i f i e d  by th e  s i n g l e  
sp o re  method.  A s e r i e s  o f  d i l u t i o n  p l a t e s ,  u s i n g  p l a i n  
a g a r ,  were p r e p a r e d .  The p l a t e s  were i n c u b a t e d  o n ly  f o r  
s u f f i c i e n t  t im e  f o r  t h e  s p o r e s  t o  p u t  ou t  t h e  p r i m a r y  germ 
tu b e  and examined u n d e r  th e  m ic ro sc o p e  a t  f r e q u e n t  i n t e r v a l s  
d u r i n g  th e  f i r s t  12  t o  18 h o u r s .  A few s p o r e s  which  had  
j u s t  g e rm in a t e d  and which  were w e l l  s e p a r a t e d  from t h e  
o t h e r  s p o r e s  were marked w i th  a g l a s s  p e n c i l  w h i l s t  t h e  
p e t r i  d i s h  was on th e  s t a g e  o f  t h e  m ic r o s c o p e .  A s m a l l  
p i e c e  o f  a g a r  w i t h  a s p o r e  was c u t  a round  w i t h  a s t e r i l e  
s c a l p e l  and t h e  t i n y  p i e c e s  o f  c u t  a g a r  t r a n s f e r r e d  t o  
t u b e s  o f  p o t a t o  s u c r o s e  a g a r  medium and i n c u b a t e d  i n  th e  
l a b o r a t o r y  on a wooden p l a t f o r m  b e n e a t h  two Osram f l u o r e s c e n t  
tu b e  (65/80W) so t h a t  each  c u l t u r e  c o u ld  r e c e i v e  t h e  same 
amount o f  l i g h t .  The p e r i o d  o f  i l l u m i n a t i o n  was c o n t r o l l e d  
by means o f  a t ime s w i t c h  t o  12 h o u r s  i n  e v e r y  24 h o u r s .
The t e m p e r a t u r e  o f  t h e  l a b o r a t o r y  v a r i e d  be tw een  20 and 25°C.
S t e r i l i z a t i o n  o f  s o i l
Screw capped b o t t l e s  (4 oz) c o n t a i n i n g  g a rd e n  s o i l  
were  s t e r i l i z e d  a t  15 lb  f o r  15 m in u te s  on t h r e e  c o n s e c u t i v e  
d a y s .  To c o n f i r m  t h a t  t h e  s o i l  was c o m p l e t e ly  s t e r i l e ,  a 
s m a l l  amount was p l a t e d  on p o t a t o  s u c r o s e  a g a r  ifi©.dium i n  a 
p e t r i  d i s h  and i n c u b a t e d  a t  room t e m p e r a t u r e ,  2 0 -2 7 ^ 0 ,  f o r  
3 -4  d a y s .
Method o f  p r e s e r v a t i o n
When monosporous c u l t u r e s  were 3 o r  4 days o l d ,  a 
s m a l l  w e f t  o f  mycelium from t h e  p e r i p h e r y  o f  t h e  growing 
c o lo n y  was t r a n s f e r r e d  t o  s t e r i l e  s o i l  i n  4 oz b o t t l e s .
The c u l t u r e s  were i n c u b a t e d  f o r  2-4 weeks i n  th e  l a b o r a t o r y  
a t  room t e m p e r a t u r e  20-25^C, b e f o r e  b e in g  t r a n s f e r r e d  t o  
t h e  c o ld  room f o r  s t o r a g e  a t  4-5^C. B e fo re  t r a n s f e r r i n g  
to  t h e  c o ld  room th e  i d e n t i t y  o f  th e  c u l t u r e s  was checked  
by t a k i n g  a few c u rb s  o f  s o i l  and p l a c i n g  them on p o t a t o  
s u c r o s e  a g a r  medium and i n c u b a t i n g  f o r  a b o u t  a week.
S l i d e  c u l t u r e s
C u l t u r e s  were e s t a b l i s h e d  on p o t a t o  s u c r o s e  a g a r  
medium i n  a p e t r i  d i s h  and s m a l l  p i e c e s  removed from t h e  
growing m arg in  w i t h  a s t e r i l e  s c a l p e l ,  and p l a c e d  on a 
s t e r i l e  s l i d e  c o v e re d  w i t h  a l a r g e  c o v er  s l i p  i n  a p e t r i  
d i s h  c o n t a i n i n g  m o i s t  f i l t e r  p a p e r .  The p l a t e s  were 
i n c u b a t e d  u n d e r  l i g h t  a t  room t e m p e r a t u r e  f o r  two weeks 
and t h e n  s l i d e s  were t r a n s f e r r e d  t o  a d ry  s t e r i l e  p e t r i  
d i s h .  These s l i d e  c u l t u r e s  were u se d  f o r  m o r p h o lo g i c a l  
s t u d i e s .
Mo rpho1o g i  c a l  ch a ract  e r i  s t  i  es
M o r p h o lo g ic a l  c h a r a c t e r i s t i c s  were o b s e r v e d  m i c r o ­
s c o p i c a l l y  u s i n g  14 day o l d  s l i d e  c u l t u r e s  growing on P .S .A .  
medium u n d e r  l i g h t ;  t h e  f o l l o w i n g  c h a r a c t e r s  were s t u d i e d : -  ,
j
1. M i c r o c o n i d i a
a .  a b sen ce  o r  p r e s e n c e  ( a b u n d a n t ,  s p a r s e )
b . shape  ( p y r i f o r m ,  o v a l ,  c l a v a t e ,  e l l i p s o i d  and mixed)
c .  s i z e  ( l e n g t h  and w id th  inyp)
d .  c h a in s
2. M a c ro c o n id ia
a .  ab sen ce  o r  p r e s e n c e  (ab u n d a n t  o r  s p a r s e )
b .  shape  ( f a l c a t e ,  l u n a t e ,  c u rv e d  f u s o i d  o r  s t r a i g h t )
c .  s i z e  ( l e n g t h  and w id th  i n  /ii)
d.  c u r v a t u r e
e .  s e p t a t i o n
f . w h e th e r  t h i c k  o r  t h i n
g.  b eak e d
h .  p e d i c e l l a t e  o r  a p e d i c e l l a t e
i .  a p i c e s  -  s h a r p  o r  b l u n t
j . p r e s e n c e  o f  c o n i d i a l  ch lam ydospbres
3.  Chlamydospores
a .  absence  o r  p r e s e n c e  (ab u n dan t  o r  s p a r s e )
b .  t e r m i n a l ,  i n t e r c a l a r y  o r  i n  g roups
4. P h i a l i d e s
s i m p le ,  p o ly  o r  p r o l i f e r a t i n g
5.  C o i l e d  s t r u c t u r e s
a bsen ce  o r  p r e s e n c e
Measurement o f  c o n i d i  a . For  m ea su re m e n ts ,  c o n i d i a
from s l i d e  c u l t u r e s  growing on P .S .A .  f o r  two weeks u n d e r  
l i g h t  were mounted i n  l a c t o p h e n q l .  The l e n g t h  and w i d t h  o f  
50 m a c r o - c o n i d i a  from each  c u l t u r e  were m easu red  from 
p h o t o g r a p h s .
C u ltu ra l  c h a r a c t e r i s t i c s
C u l t u r a l  c h a r a c t e r i s t i c s  were s t u d i e d  from 14 day 
o l d  p l a t e  c u l t u r e s  g rowing on P .S .A .  medium u n d e r  l i g h t  a t  
room t e m p e r a t u r e  ( 2 5 ° - 2 7 ° C ) .
1. Mycelium
compact ,  f l o c c o s e .  I o n a t e  o r  powdery i n  a p p e a ra n c e
2. P i g m e n t a t i o n
a .  p i g m e n t a t i o n  o f  t h e  s u b s t r a t e  and mycelium
b . c o l o u r  o f  m a c r o c o n i d i a  i n  mass
3. S p o ro d o c h ia
p r e s e n c e  o r  absence
4. P i o n n o t e s
p r e s e n c e  o r  absence
5. S c l e r o t i a
p r e s e n c e  o r  absence
P h y s i o l o g i c a l  c h a r a c t e r i s t i c s
1.  l i n e a r  growth e x t e n s i o n  r a t e . Growth r a t e s  o f  t h e  ' w i l d  
t y p e ' o f  each  o f  t h e  s p e c i e s  o f  Fusar ium  were d e t e r m i n e d  on 
p o t a t o  s u c r o s e  a g a r  medium (pH 6 .5 )  i n  p e t r i  d i s h e s  which  
were k e p t  i n  an i n c u b a t o r  m a i n t a i n e d  a t  a t e m p e r a t u r e  o f  25°C. 
The l i n e a r  growth  o f  each  s p e c i e s  i s  e x p r e s s e d  as  t h e  a v e r a g e  
d i a m e t e r  i n  c e n t i m e t e r s ,  a t t a i n e d  a t  t h e  end o f  f o u r  d a y s .
2. Growth a t  v a r i o u s  t e m p e r a t u r e s . Growth a t  v a r i o u s  
t e m p e r a t u r e s  was d e te r m in e d  o v e r  t h e  r an g e  o f  5° -40°C  on 
p o t a t o  s u c r o s e  a g a r  medium (15 m l / p e t r i  d i s h ) . One l o o p f u l
o f  s p o r e  s u s p e n s io n  ( p r e p a r e d  from two week o l d  c u l t u r e  g rowing  
on Czapeck-Dox (m o d i f i e d )  medium u n d e r  l i g h t  a t  room t e m p e r a t u r e  
20°-25°C) o f  a l l  t h e  d i f f e r e n t  s p e c i e s  o f  Fusar ium  was 
i n o c u l a t e d  i n  t h e  c e n t r e  o f  t h e  medium i n  t h e  p e t r i  d i s h  ( i n  
t r i p l i c a t e )  and i n c u b a t e d  a t  5°C, 10°C, 15°C, 25°C, 30°C, 37°C and 
40°C f o r  one week. The optimum, maximum and minimum growth  
t e m p e r a t u r e s  o f  each  s p e c i e s  were n o t e d .  I f  t h e  growth  
a t t a i n e d  a t  two d i f f e r e n t  t e m p e r a t u r e s  was t h e  same, t h e  
mean o f  t h e  two v a l u e s  was t a k e n  t o  be t h e  optimum grow th  
t e m p e r a t u r e .
3. pH s t u d i e s . In  o r d e r  t o  d e te r m in e  t h e  i n f l u e n c e  of pH on 
g ro w th ,  s p o r e  g e r m i n a t i o n  and f o r m a t io n  o f  p ig m en ts  on a l l  t h e  
d i f f e r e n t  s p e c i e s  o f  F u s a r iu m , Roul in-Thom medium was s u p p l e ­
m ented  w i t h  5% G lu c o se .  The pH v a l u e s  were  a d j u s t e d  w i t h  
N/HCl and N/NaOH t o  g iv e  a s e r i e s  o f  pH v a l u e s  r a n g i n g  from
pH 1 - 1 2 .  The a d j u s t m e n t s  o f  pH were made a s e p t i c a l l y  a f t e r  
a u t o c l a v i n g .  One l o o p f u l  o f  sp o re  s u s p e n s i o n  p r e p a r e d  from 
14 day o l d  c u l t u r e s  o f  a l l  t h e  i s o l a t e s  was i n o c u l a t e d  i n t o  
t u b e s  ( i n  d u p l i c a t e )  c o n t a i n i n g  5 ml o f  medium a t  e ach  pH 
v a l u e ,  and i n c u b a t e d  f o r  t h r e e  weeks a t  25°C.
4. C o m p e t i t iv e  s a p r o p h y t i c  a b i l i t y  (Rao, 1 9 5 9 ) .  Medium was 
p r e p a r e d  by growing  a l l  t h e  i s o l a t e s  on a c o r n m e a l / s a n d  m i x t u r e  
i n  250 ml E r le n m e y e r  f l a s k s  f o r  21 days a t  25°C. Samples o f  
t h e  inoculum  were w e l l  mixed w i t h  a i r  d r i e d  s o i l  so t h a t  t h e  
p r o p o r t i o n  o f  t h e  inocu lum  i n  t h e  m ix t u r e  was 98%, 75%, 50% 
and 25%. lOg o f  s o i l + i n o c u l u m  m ix t u r e  was s p r e a d  o v e r  t h e  
bo t tom  o f  a s t e r i l e  p e t r i  d i s h  and 1 0  ml o f  warm s t e r i l e  2 % 
p l a i n  a g a r  p o u re d  o v e r  t h i s .  When t h e  a g a r  had  s e t ,  f o u r  
d i s c s  6mm i n  d i a m e t e r  were c u t  o u t  o f  t h e  p l a t e s  w i t h  a 
s t e r i l i z e d  co rk  b o r e r  and p l a c e d  e q u i d i s t a n t l y  on a p l a t e  o f  
Czapeck-Dox+yeast  e x t r a c t  a g a r .  Rose Bengal  was added t o
t h e  medium t o  g iv e  a f i n a l  c o n c e n t r a t i o n  o f  30 p . p . m .  t o  
i n h i b i t  t h e  growth  o f  b a c t e r i a .  A l l  t h e  p l a t e s  were  i n c u b a t e d  
a t  25°C f o r  one week, a f t e r  which each  d i s c  was s c o r e d  f o r  t h e  
p r o p o r t i o n  o f  g rowth  made by t h e  f u n g u s .
5. P i g m e n t s . Fo r  p igm ent  s t u d i e s  c u l t u r e s  were p r e p a r e d  i n  
250 ml E r len m e y e r  f l a s k s  c o n t a i n i n g  50 ml o f  Roulin-Thom 
medium ( p l u s  1 0 % g a l a c t o s e )  and i n o c u l a t e d  w i t h  1 . 0  ml o f  
s p o re  s u s p e n s i o n .  The f l a s k s  were shaken  a t  a sp e e d  o f  200 
r . p . m .  i n  an o r b i t a l  i n c u b a t o r  s h a k e r .  The shaken  c u l t u r e s  
r e c e i v e d  c o n t i n u o u s  l i g h t i n g  from two Osram f l u o r e s c e n t  b u l b s  
and were  m a i n t a i n e d  i n  t h e  i n c u b a t o r  s h a k e r  a t  a  t e m p e r a t u r e  
o f  25° -27°C .  A f t e r  12 days t h e  mycelium i n  t h e  sh a k e n  f l a s k s  
was u t i l i s e d  as a s o u r c e  o f  p ig m e n t .  The mycelium was 
c o l l e c t e d  on a f i l t e r  p a p e r ,  washed w i t h  d i s t i l l e d  w a t e r  and 
d r i e d  i n  an oven (50°-55°C)  u n t i l  a lm o s t  d r y .  The mycelium 
was p l a c e d  i n  a  r i m l e s s  t e s t  tu b e  and 5 ml o f  s o l v e n t  added
t o  each  t u b e .  A f t e r  s h a k in g  o r  s t i r r i n g  w i t h  a g l a s s  r o d  
f o r  1 0  m i n u t e s ,  t h e  mycelium was l e f t  i n  c o n t a c t  w i t h  t h e  
s o l v e n t  f o r  24 h o u r s  a t  room t e m p e r a t u r e  and t h e  s o l u b i l i t y
e s t i m a t e d  by o b s e r v i n g  th e  i n t e n s i t y  o f  t h e  f i n a l  s o l u t i o n .  
T h is  method o f  e x t r a c t i o n  was a l s o  u se d  f o r  e v a l u a t i n g  th e  
s o l u b i l i t y  o f  p ig m e n ts  i n  a r an g e  o f  o r g a n i c  s o l v e n t s  - 
ch&oroform, m e th a n o l ,  p y r i d i n e  and d io x a n .
S e n s i t i v i t y  t o  f u n g i c i d e s ,  dyes and a n t i b i o t i c s
Two methods were u se d  i n  o r d e r  t o  t e s t  t h e  
s e n s i t i v i t y  t o  d i f f e r e n t  s u b s t a n c e s .
(1) The f o l l o w i n g  s u b s t a n c e s  were  i n c o r p o r a t e d  i n t o  
Czapeck-Dox a g a r  (m o d i f i e d )  medium a t  t h e  c o n c e n t r a t i o n  shown 
i n  p a r t s  p e r  m i l l i o n :  C r y s t a l  v i o l e t  250, m a l a c h i t e  g r e e n  25,
a c t i d i o n e  50,  t h i r a m  100, maneb 100, c a p t a n  100, a f t e r  
a u t o c l a v i n g  and b e f o r e  p o u r i n g  t h e  p l a t e s .  The s e n s i t i v i t y  
was a s s a y e d  by i n o c u l a t i n g  p l a t e s  c o n t a i n i n g  t h e  s u b s t a n c e s  
p l u s  medium w i t h  growth  from 14 day p l a t e  c u l t u r e s  and 
i n c u b a t i n g  a t  25°C f o r  one week. P r e s e n c e  o r  ab sen c e  o f  
growth  was s c o r e d  as t o l e r a n t  o r  s e n s i t i v e .
(2) Oxoids s e n s i t i v i t y  d i s c s  c o n t a i n i n g  d i f f e r e n t  
a n t i b i o t i c s ,  e . g .  N y s t a t i n  100 jxg. Polymyxin 300 yug.
N o vob ioc in  30 yug. Neomycin 30 yag. T e t r a c y c l i n e  50 / ig ,  
C h l o r o t e t r a c y c l i n e  50 yag, C h lo ro am ph en ico l  50 yag.
F u r a z o l i d o n e  100 yag, S u l p h a f u r a z o l  500 yag. P e n i c i l l i n  5 u n i t .  
S t r e p to m y c in  25 yig and O x y t e t r a c y c l i n e  50 yug, were  u s e d .
The d i s c s  were  p l a c e d  3-4 cm a p a r t  on a p l a t e  c o n t a i n i n g  
15 ml o f  Czapeck-Dox a g a r  (m o d i f ie d )  medium s e e d e d  w i t h  
f u n g a l  s p o r e s ,  and i n c u b a t e d  a t  25°C f o r  one week.
S e n s i t i v i t y  t o  t h e  a n t i b i o t i c s  was shown by i n h i b i t i o n  o f  
f u n g a l  g rowth  a round  th e  d i s c s .
A b i l i t y  t o  grow i n  h i g h  c o n c e n t r a t i o n  o f  s u g a r
Czapeck-Dox a g a r  medium was p r e p a r e d  and a p p r o p r i a t e  
amount o f  g lu c o s e  added t o  g iv e  a f i n a l  c o n c e n t r a t i o n  o f  
60% (w/v) o f  s u g a r .  P l a t e s  c o n t a i n i n g  60% o f  s u g a r  were 
i n o c u l a t e d  from 14 day p l a t e  c u l t u r e s  and i n c u b a t e d  a t  25°C. 
The p l a t e s  were examined a f t e r  one week f o r  g row th .
P a t h o l o g i c a l  c h a r a c t e r i s t i c s
1. Agar g e r m i n a t i o n  m e th o d . To t e s t  t h e  p a t h o g e n i c i t y  
o f  a l l  t h e  i s o l a t e s ,  s e e d s  o f  th e  f o l l o w i n g :  p e a  c . v .
K e l ly  Wonder, Dwarf b e an  c . v .  K e l l y ,  Wheat c . v .  K loka ,
B a r l e y  c . v .  P r o c t o r ,  Maize c . v .  Minor ,  Tomato c . v .  Money­
m aker ,  W in te r  Oat c . v .  M ar is  Q u e s t ,  L in s e e d  c . v .  N o v a l t a ,
2were  u s e d .  P i e c e s  o f  a g a r  (1 cm ) were  c u t  from p l a t e s  
c o n t a i n i n g  Czapeck-Dox a g a r  (m o d i f i e d )  medium and p l a c e d  
on m o is t  f i l t e r  p a p e r  i n  a n o t h e r  s t e r i l e  p e t r i  d i s h .
These a g a r  s q u a r e s  were i n o c u l a t e d  from 14 day p l a t e  
c u l t u r e s  and i n c u b a t e d  a t  25°C f o r  18-24 h o u r s .  The 
c o n t r o l s  were  l e f t  u n i n o c u l a t e d .  T h i r t y  s e e d s  ( u n s t e r i l i z e d )  
o f  a l l  t h e  v a r i e t i e s  l i s t e d  above were  p l a c e d  s i n g l y  on 
th e  i n o c u l a t e d  s q u a r e s  (5 -1 0  s e e d s  p e r  p l a t e )  and i n c u b a t e d  
a t  25°C. A f t e r  one week o f  i n c u b a t i o n ,  t h e  p e r c e n t a g e  
g e r m i n a t i o n  o f  s e e d s  and any n e c r o s i s  and s t i n k i n g  were 
r e c o r d e d .
2.  P lu g  m e th od . S u r f a c e  s t e r i l i z e d  Apples  c . v .  Colden 
D e l i c i o u s ,  P o t a t o e s  c . v .  King Edward and Tomatoes were  
i n o c u l a t e d  by th e  p l u g  m ethod .  T h is  method c o n s i s t e d  o f  
t a k i n g  o u t  a p lu g  o f  t i s s u e  w i t h  a s t e r i l e  co rk  b o r e r
( 6  mm i n  d i a m e te r )  o r  s t e r i l e  s c a l p e l  ( i n  th e  c a s e  o f  
t o m a t o e s ) , p l a c i n g  t h e  inocu lum  (4mm p i e c e s )  from 14 day 
p l a t e  c u l t u r e s  a t  t h e  b a s e  o f  t h e  c a v i t y ,  and r e p l a c i n g  
th e  p l u g .  The p o i n t  o f  i n o c u l a t i o n  was s e a l e d  w i t h  
a d h e s iv e  c e l l o p h a n e  t a p e .  The i n o c u l a t e d  a p p l e s ,  to m a to e s  
and p o t a t o e s  were  k e p t  i n  p o l y t h e n e  bags  f o r  2-3  weeks a t  
l a b o r a t o r y  t e m p e r a t u r e  r a n g i n g  from 20 ° -25 °C .  The 
d i a m e t e r s  o f  t h e  l e s i o n s  p ro d u c e d  by t h e  f u n g i  were  
m ea su red .
3.  Dwarf bean  h y p o c o ty l  t e s t . P l a n t s  were r a i s e d  by p l a c i n g  
s u r f a c e - s t e r i l i z e d  s e e d s  o f  dwarf  bean  c . v .  K e l ly  i n  a s t e r i l e  
Noble s e e d  g e r m i n a t o r  c o n t a i n i n g  m o i s t  f i l t e r  p a p e r ,  a t  room 
t e m p e r a t u r e .  The s e e d s  were s u r f a c e  s t e r i l i z e d  by  s o a k i n g  i n
Sodium h y p o c h l o r i t e  s o l u t i o n  f o r  10 m i n u t e s .  When t h e  
s e e d l i n g s  had  r e a c h e d  t h e  3-4 l e a f  s t a g e  t h e  h y p o c o t y l s  were  
removed from them. Cut h y p o c o ty l s  o f  dw arf  b ean  c . v .  K e l ly  
(7-8  cm long)  were p l a c e d  i n  a s t e r i l e  p e t r i  d i s h  c o n t a i n i n g  
m o i s t  f i l t e r  p a p e r .  S i n g l e  l o o p f u l s  o f  sp o re  s u s p e n s i o n  
p r e p a r e d  from 14 day p l a t e  c u l t u r e s  i n  Glucose+KNO^ b r o t h  
were p l a c e d  on each  h y p o c o ty l  and i n c u b a t e d  a t  room t e m p e r a t u r e  
f o r  18-72 h o u r s .  The c o n t r o l s  were i n o c u l a t e d  w i t h  Glucose*  
KNOg b r o t h  a l o n e .  Brown l e s i o n s  began  t o  a p p e a r  be low  t h e  
d r o p l e t s  and were c o u n te d  as p o s i t i v e  o r  p a t h o g e n i c .
B i  o c h em ica l  c h a r a c t  e r i s t i c s
1. D i g e s t i o n  o f  c a s e i n . P l a t e s  o f  c a s e i n  a g a r  medium (Cowan 
& S t e e l ,  1965) were i n o c u l a t e d  w i t h  g rowth  from 14 day p l a t e  
c u l t u r e s  and i n c u b a t e d  a t  25°C. The p l a t e s  were examined a t  
i n t e r v a l s  o f  up t o  two weeks f o r  c l e a r i n g  o f  t h e  medium a ro u n d  
o r  below t h e  f u n g a l  g row th .  A c l e a r  zone i n d i c a t e d  t h a t  t h e  
c a s e i n  had  b een  d i g e s t e d  by t h e  o rg an ism .
C o n t r o l s :  P o s i t i v e  - B a c i l l u s  s u b t i l i s
N e g a t iv e  - M ycobac ter ium  p h l e i
2. G e l a t i n a s e . F r a z i e r ' s  (1926) method was u s e d  i n  t h i s  t e s t  
w i t h  n u t r i e n t  g e l a t i n  a g a r  medium (Cowan & S t e e l ,  1 9 6 5 ) .  One 
l o o p f u l  o f  s p o r e  s u s p e n s i o n  was i n o c u l a t e d  i n  t h e  c e n t r e  o f  
t h e  medium i n  a p e t r i  d i s h  and i n c u b a t e d  a t  25°C. A f t e r  one 
week o f  i n c u b a t i o n  t h e  p l a t e s  were f l o o d e d  w i t h  5 -10  ml o f  
m e r c u r i c  c h l o r i d e  s o l u t i o n  ( F r a z i e r ' s  r e a g e n t )  t o  p r e c i p i t a t e  
t h e  u n h y d r o l y s e d  g e l a t i n .  C l e a r  zones i n d i c a t e d  t h e  a r e a  o f  
g e l a t i n  h y d r o l y s i s  a round  t h e  f u n g a l  g rowth  and were  t a k e n  as 
a  p o s i t i v e  r e a c t i o n .
C o n t r o l :  N e g a t iv e  -  E. c o l i
3. D eco m po s i t io n  o f  T y r o s i n e . Growth from 14 day  p l a t e  
c u l t u r e s  was i n o c u l a t e d  o n to  p l a t e s  c o n t a i n i n g  t y r o s i n e  a g a r  
medium (Gordon & Sm ith ,  1 9 5 5 ) ,  which was t h e n  i n c u b a t e d  a t  
25°C. The p l a t e s  were examined a t  i n t e r v a l s  up t o  a month 
f o r  d i s a p p e a r a n c e  o f  c r y s t a l s  u n d e r  o r  a round  t h e  f u n g a l  
g row th .  A c l e a r  zone a ro un d  t h e  g rowth  i n d i c a t e d  a p o s i t i v e  
r e a c t i o n .
C o n t r o l :  N e g a t iv e  -  M ycobacter ium  p h l e i
4.  C i t r a t e  u t i l i z a t i o n . S lo p e s  o f  Simmon*s (19263 c i t r a t e  a g a r  
(Oxoid Code No. CM155) were i n o c u l a t e d  as s t r e a k s  with, g rowth  
from 14 day c u l t u r e s  and i n c u b a t e d  f o r  7 days a t  25°C. A 
p o s i t i v e  c i t r a t e  r e a c t i o n  was i n d i c a t e d  by a deep b l u e  c o l o u r  
and growth a lo n g  t h e  s t r e a k ,  and a n e g a t i v e  one by  t h e  unchanged  
g r e e n i s h  c o l o u r .
C o n t r o l s :  P o s i t i v e  -  K l e b s i e l l a  a e r o g e n e s
N e g a t iv e  - E s c h e r i c h i a  c o l i  
To c o n f i rm  t h e  r e s u l t s ,  a l l  p o s i t i v e  i s o l a t e s  were 
sub c u l t u r e d  i n t o  K o s e r ' s  (1923) c i t r a t e  medium J[0xoid Code No. 
CM65), i n c u b a t e d  f o r  7 d a y s ,  and examined f o r  g ro w th .
,5. U r e a s e . Growth from 14 day p l a t e  c u l t u r e s  was i n o c u l a t e d  
on t o  t h e  s u r f a c e  o f  C h r i s t e n s e n ' s  u r e a  medium (1946) ( 3 . 0  ml 
o f  medium i n  5 . 0  ml b i j o u  b o t t l e s )  and i n c u b a t e d  a t  25°C f o r  
one week. The deve lopm ent  o f  a p i n k  o r  r e d  c o l o u r  i n  t h e  
medium was t a k e n  as a p o s i t i v e  r e a c t i o n .
C o n t r o l s  : P o s i t i v e  -  P r o t e u s  v u l g a r i s
N e g a t iv e  -  E s che r i  c h i  a c o l i
6 . H y d r o l y s i s  o f  s t a r c h . S t a r c h  a g a r  medium (Cowan & S t e e l ,  
1 96 5 ) ,  15 m l / p l a t e ,  was i n o c u l a t e d  w i t h  g rowth  from 14 day 
c u l t u r e s  and i n c u b a t e d  f o r  7 days a t  25°C. A f t e r  i n c u b a t i o n ,  
t h e  s u r f a c e  o f  t h e  p l a t e  was f l o o d e d  w i t h  L u g o l ' s  i o d i n e  
s o l u t i o n .  Where s t a r c h  had  n o t  been  h y d r p l y s e d  t h e  medium 
t u r n e d  b l u e  o r  b l a c k ,  w h i l e  h y d r o l y s i s  was i n d i c a t e d  by a 
c l e a r  o r  c o l o u r l e s s  zone a round  t h e  f u n g a l  g row th .
C o n t r o l s :  P o s i t i v e  -  B a c i l l u s  s u b t i l i s
N e g a t iv e  -  E s c h e r i c h i a  c o l i
7. H y d r o l y s i s  o f  sodium h i p p u r a t e . S lo p e s  o f  sodium 
h i p p u r a t e  a g a r  (Cowan & S t e e l ,  1965) were  i n o c u l a t e d  w i t h  
growth from 15 day p l a t e  c u l t u r e s  and were t h e n  i n c u b a t e d  a t  
25°C. The s l o p e s  were examined d a i l y  up t o  7 days f o r  g rowth  
and p in k  c o l o u r  i n  t h e  medium, which  i n d i c a t e d  t h e  h y d r o l y s i s  
o f  sodium h i p p u r a t e .
C o n t r o l :  P o s i t i v e  -  K l e b s i e l l a  a e ro g e n e s  (n o t  a l l  s t r a i n s )
8 . P h o s p h a t a s e s . P h e n o p h t h a l e i n  p h o s p h a t e  a g a r  medium (Cowan 
& S t e e l ,  1 9 6 5 ) ,  15 m l / p l a t e ,  was i n o c u l a t e d  w i t h  g row th  from 
15 day p l a t e  c u l t u r e s  and i n c u b a t e d  a t  25°C f o r  one week.
Ammonia s o l u t i o n  Code No. ACN1750 (B.D.H.)  Reagent  c o n t a i n i n g  
1 0 % w/w NH^ was d ropped  n e a r  t h e  edge o f  t h e  c o lo n y  w i t h  a 
P a s t e u r  p i p e t t e  and examined f o r  t h e  developm ent  o f  a b r i g h t  
p in k  c o l o u r  i n  t h e  medium. Free  p h e n o p h t h a l e i n  l i b e r a t e d  by 
p h o s p h a te  r e a c t s  w i t h  ammonia and p h o s p h a t a s e  p o s i t i v e  c o l o n i e s  
become p in k  i n  c o l o u r .
C o n t r o l :  P o s i t i v e  -  S t a p h y lo c o c c u s  a u re u s
9 .  O rg a n ic  a c i d s  as Carbon s o u r c e . Gordon and Mihm's (195 7) 
a g a r  ipedium, 15 m l / p l a t e ,  was i n o c u l a t e d  w i t h  one l o o p f u l  o f  
sp o re  s u s p e n s i o n  ( p r e p a r e d  i n  s t e r i l e  w a t e r  from 15 day p l a t e
c u l t u r e s )  and i n c u b a t e d  f o r  two weeks a t  25°C. Use o f  o r g a n i c
a c i d  was i n d i c a t e d  by a l k a l i  p r o d u c t i o n  which  changes  t h e  
c o l o u r  o f  t h e  i n d i c a t o r  i n  t h e  medium from y e l lo w  t o  r e d .
C o n t r o l :  N e g a t iv e  -  M ycobac ter ium  p h l e i
10. A c t io n  on L itmus m i l k . Tubes c o n t a i n i n g  Litmus m i lk  medium 
(Cowan & S t e e l ,  1965) were i n o c u l a t e d  w i t h  g rowth  from 14 day 
p l a t e  c u l t u r e s  and i n c u b a t e d  a t  25°C f o r  two w eeks .  The 
f o l l o w i n g  r e a c t i o n  was r e c o r d e d :
P ink  c o l o u r  = a c i d  p ro d u ce d
Blue c o l o u r  = a l k a l i  p ro d u ce d
c o l o u r l e s s
(White) = i n d i c a t o r  r e d u c e d .
11. Growth i n  KCN b r o t h . One ml a l i q u o t s  o f  KCN b r o t h  
(Cowan & S t e e l ,  1965) i n  5 . 0  ml sc re w -c a p p e d  b o t t l e s  were 
i n o c u l a t e d  w i t h  sp o r e  s u s p e n s i o n  ( p r e p a r e d  i n  s t e r i l e  w a t e r  
from 14 day p l a t e  c u l t u r e s )  and i n c u b a t e d  a t  25°C f o r  one 
week. A f t e r  i n c u b a t i o n  t h e  b o t t l e s  were examined f o r  t h e  
f u n g a l  g rowth  which  i n d i c a t e d  a p o s i t i v e  r e a c t i o n .
C o n t r o l s :  P o s i t i v e  -  K l e b s i e l l a  a e ro g e n e s
N e g a t iv e  -  E s c h e r i c h i a  c o l i
12. M alona te  u t i l i z a t i o n . Tubes c o n t a i n i n g  5 .0  ml o f  
m a lo n a t e - p h e n y l a l a n i n e  medium (Shaw & C l a r k ,  1955) were 
i n o c u l a t e d  w i t h  growth from 14 day p l a t e  c u l t u r e s  and 
i n c u b a t e d  a t  25°C. The t u b e s  were examined a f t e r  one week.
A deep b l u e  c o l o u r  i n  t h e  medium i n d i c a t e d  a p o s i t i v e  r e a c t i o n  
and an unchanged  g re e n  c o l o u r  a n e g a t i v e  r e a c t i o n .
C o n t r o l s :  P o s i t i v e  -  K l e b s i e l l a  a e ro g e n e s
N e g a t iv e  -  P r o t e u s  v u l g a r i s  
A f t e r  r e c o r d i n g  t h e  r e s u l t s  t h e  t u b e s  were k e p t  f o r  d e t e c t i n g  
t h e  p r e s e n c e  o f  p h e n y l p y r u v i c  a c i d .
13. G lu co n a te  o x i d a t i o n . Shaw and C l a r k ' s  (1955) method was 
u s e d .  Tubes c o n t a i n i n g  g l u c o n a t e  b r o t h  were i n o c u l a t e d  w i t h  
growth  from 15 day p l a t e  c u l t u r e s  and i n c u b a t e d  f o r  one week 
a t  25°C. The t u b e s  were  h e a t e d  i n  a b a t h  o f  b o i l i n g  w a t e r  
( f o r  10 m in . )  a f t e r  t h e  a d d i t i o n  o f  2 .5  ml o f  B e n e d i c t ' s  
q u a l i t a t i v e  s o l u t i o n  (Cowan & S t e e l ,  1 9 6 5 ) .  The f o r m a t i o n  
o f  a brown, o range  o r  t a n  p r e c i p i t a t e  i n d i c a t e d  o x i d a t i o n  o f  
g l u c o n a te  and an unchanged  b l u e  c o l o u r  showed a n e g a t i v e  
r e a c t i o n .
C o n t r o l s :  P o s i t i v e  -  K l e b s i e l l a  a e ro g e n e s
N e g a t iv e  -  E s che r i c h i  a c o l i
14. Growth i n  6.5% NaCl b r o t h . Growth from 14 day p l a t e  
c u l t u r e s  was i n o c u l a t e d  i n t o  t u b e s  c o n t a i n i n g  5 .0  ml o f  s a l t  
b r o t h  (Cowan & S t e e l ,  1965) and i n c u b a t e d  a t  25°C. The 
i n o c u l a t e d  t u b e s  were  examined a f t e r  two weeks ,  t h e  p r e s e n c e  
o f  g rowth  i n d i c a t i n g  a p o s i t i v e  r e a c t i o n .
C o n t r o l :  P o s i t i v e  -  S t  r e  p t o c o c c u s  f a e c a l i s
15. H y d r o l y s i s  o f  A r g i n i n e . Tubes c o n t a i n i n g  5 .0  ml o f  
a r g i n i n e  b r o t h  (Niven e t  a l ,  1942) were  i n o c u l a t e d  w i t h  g row th  
from 14 day p l a t e  c u l t u r e s  and i n c u b a t e d  f o r  4-6  days a t  25°C. 
A f t e r  i n c u b a t i o n ,  0 .2 5  ml N e s s l e r ' s  r e a g e n t  (Cowan & S t e e l ,  
1965) was added t o  each  t u b e .  H y d r o l y s i s  o f  a r g i n i n e  was 
i n d i c a t e d  by t h e  deve lopm ent  o f  a brown c o l o u r .
C o n t r o l :  P o s i t i v e  -  S t r e p t o c o c c u s  f a e c a l i s
16 .  H y d r o l y s i s  o f  A e s c u l i n . A e s c u l i n  b r o t h  ( S n e a t h ,  1966) 
was u s e d ,  which  i n c l u d e d  0.005% f e r r i c  c i t r a t e .  Tubes 
c o n t a i n i n g  5 . 0  ml o f  t h i s  medium were i n o c u l a t e d  w i t h  a 
l o o p f u l  o f  s p o r e  s u s p e n s i o n  p r e p a r e d  from 15 day p l a t e  
c u l t u r e s  and i n c u b a t e d  f o r  two weeks a t  25°C. B la c k e n in g  
o f  t h e  medium was t a k e n  as a p o s i t i v e  r e a c t i o n .
C o n t r o l :  P o s i t i v e  -  S t r e p t o c o c c u s  f a e c a l i s
17. Ammoni a p ro  d u c t  i o n . Growth from 14 day p l a t e  c u l t u r e s  
was i n o c u l a t e d  i n t o  t u b e s  c o n t a i n i n g  5 .0  ml o f  p e p to n e  w a t e r  
medium and i n c u b a t e d  a t  25°C f o r  one week. A f t e r  i n c u b a t i o n ,
0 .5  ml N e s s l e r ' s  r e a g e n t  (Cowan & S t e e l ,  1965) was added t o  
each  t u b e .  The deve lopm ent  o f  a brown, o range  o r  b r o w n i s h -  
o range  c o l o u r  i n d i c a t e d  a p o s i t i v e  r e a c t i o n ,  i . e .  p r e s e n c e  o f  
ammonia. N e g a t iv e  t u b e s  showed a y e l lo w  c o l o u r .
l b .  N i t r a t e  r e d u c t i o n . Tubes c o n t a i n i n g  5 . 0  ml n i t r a t e  b r o t h  
(Cowan & S t e e l ,  1965) were i n o c u l a t e d  w i t h  growth from 15 day 
c u l t u r e s  and i n c u b a t e d  f o r  two weeks a t  25°C. A f t e r  i n c u b a t i o n ,  
1 .0  ml o f  n i t r i t e  r e a g e n t  A and 1 . 0  ml o f  r e a g e n t  B (Cowan & 
S t e e l ,  1965) were  added t o  e ach  t u b e .  A r e d  c o l o u r  i n  t h e  
medium i n d i c a t e d  a p o s i t i v e  r e a c t i o n ,  i . e .  n i t r a t e  had  been  
r e d u c e d  t o  n i t r i t e  by t h e  o rg a n i s m .  A l i t t l e  powdered z i n c  
was added t o  c u l t u r e s  showing n e g a t i v e  r e a c t i o n  and t h e  
f o l l o w i n g  r e a c t i o n  o b s e r v e d :
Red c o l o u r  = n i t r a t e  p r e s e n t  i n  t h e  medium ( i . e .  n o t  
r e d u c e d  by t h e  o rgan ism )
absence  o f
r e d  c o l o u r  = n i t r a t e  a b s e n t  i n  t h e  medium ( i . e .  r e d u c e d  
by  t h e  o rgan ism  t o  n i t r i t e  w hich  i n  t u r n  
was f u r t h e r  red u c ed )
C o n t r o l s :  P o s i t i v e  -  E s c h e r i c h i a  c o l i
N e g a t iv e  -  A c i n e t o b a c t e r  a n i t r a t u s
19. O x i d a t i o n  and f e r m e n t a t i o n  (O-F) t e s t . The medium u se d  
i n  t h i s  t e s t  was t h a t  o f  Hugh and L e i f s o n  (1953) c o n t a i n i n g  
1.0% c a r b o h y d r a t e  and r e l a t e d  s u b s t a n c e s .  To 100 ml o f  
s t e r i l e  Hugh and L e i f s o n ' s  medium, 10 ml o f  s t e r i l e  10% 
c a r b o h y d r a t e  was added a s e p t i c a l l y .  The medium was t h o r o u g h l y  
mixed and a s e p t i c a l l y  t u b e d  i n  5 .0  ml amounts .  To remove
t h e  d i s s o l v e d  a i r ,  d u p l i c a t e  t u b e s  o f  t h e  a p p r o p r i a t e  m ed ia  
were  s team ed  and q u i c k l y  c o o le d .  To one tu b e  o f  e ac h  p a i r ,  
s t e r i l e  l i q u i d  p a r a f f i n  was added t o  a d e p th  o f  a b o u t  1 . 0  cm. 
D u p l i c a t e  t u b e s  o f  a p p r o p r i a t e  m ed ia  were i n o c u l a t e d  w i t h  a 
s t r a i g h t  w i r e  w i t h  growth  from 14 day c u l t u r e s  and i n c u b a t e d  
a t  25°C. The t u b e s  were  examined a t  i n t e r v a l s  up t o  15 d a y s .  
R e s u l t s  : open tu b e  s e a l e d  tu b e
O x i d a t i o n  y e l lo w  g re e n
F e r m e n t a t i o n  y e l lo w  y e l lo w
No a c t i o n  on
c a r b o h y d r a t e  g re e n  b l u e  o r  g r e e n
C o n t r o l s :  O x i d a t i o n  - A c i n e t o b a c t e r  a n i t r a t u s
F e r m e n t a t i o n  -  E s c h e r i c h i a  c o l i
20. C a t  a l a s  e a c t i v i t y . A smear o f  a 14 day c u l t u r e  was 
p r e p a r e d  on a c l e a n  s l i d e  and a d rop  o f  " 2 0  volume" H2 O2 was 
added and examined im m e d ia te ly  f o r  b u b b le s  o f  oxygen .
C o n t r o l s :  P o s i t i v e  -  Pseudomonas a e r u g i n o s a
N e g a t iv e  -  S t  r e  p t o  coccus  f a e  c a l i  s
21. Oxidase  a c t i v i t y . K o v a c ' s  method was u s e d .  Two or  
t h r e e  d r o p s  o f  o x i d a s e  r e a g e n t  (Cowan & S t e e l ,  1965) were 
p l a c e d  on a p i e c e  o f  Whatman No. 1 f i l t e r  p a p e r  i n  a p e t r i  
d i s h .  On t h i s  p a p e r  g rowth  from 14 day p l a t e  c u l t u r e s  was 
smeared w i t h  a p l a t i n u m  loo p  (n o t  n i c h r o m e ) . A p o s i t i v e  
r e a c t i o n  was i n d i c a t e d  by t h e  a p p e a ra n c e  o f  a d a r k  p u r p l e  
c o l o u r  on t h e  p a p e r  w i t h i n  1 0  s e c .
C o n t r o l s :  P o s i t i v e  - Pseudomonas a e r u g i n o s a
N e g a t iv e  - E s c h e r i c h i a  c o l i
2 2 . N i t r i t e  r e d u c t i o n . Tubes c o n t a i n i n g  5 .0  ml o f  n i t r i t e  
b r o t h  (Cowan and S t e e l ,  1965) were i n o c u l a t e d  w i t h  g rowth  
from 15 day p l a t e  c u l t u r e s  and i n c u b a t e d  a t  25°C. A f t e r  
two weeks o f  i n c u b a t i o n ,  1 . 0  ml o f  n i t r i t e  r e a g e n t  A and 
t h e n  1 .0  ml o f  r e a g e n t  B were added t o  e ach  t u b e .  Absence 
o f  r e d  c o l o u r  was t a k e n  t o  i n d i c a t e  t h e  p o s i t i v e  r e a c t i o n ,
i . e .  t h e  n i t r i t e  had  been  r e d u c e d  by t h e  o rg a n i s m .  A r e d  
c o l o u r  i n  t h e  medium showed a n e g a t i v e  r e a c t i o n ,  i . e .  n i t r i t e  
was p r e s e n t  i n  t h e  medium and n o t  r e d u c e d  by t h e  o rg a n i s m .
C o n t r o l s :  Reduced - E s c h e r i c h i a  c o l i
Not r e d u c e d  - A c i n e t o b a c t e r  a n i t r a t u s
23. D e c a rb o x y la se  r e a c t i o n s . M o l l e r ' s  (1955) method was 
u s e d  t o  t e s t  t h e  d e c a r b o x y l a t i o n  o f  a r g i n i n e ,  l y s i n e  and 
o r n i t h i n e .  Growth from 15 day p l a t e  c u l t u r e s  was i n o c u l a t e d  
i n t o  t u b e s  c o n t a i n i n g  f o u r  media  ( l y s i n e ,  a r g i n i n e ,  o r n i t h i n e  
and c o n t r o l )  w i t h  a s t r a i g h t  w i r e  t h r o u g h  t h e  p a r a f f i n  l a y e r .  
The t u b e s  were i n c u b a t e d  a t  25°C and examined d a i l y  up t o  7 
d a y s .  A v i o l e t  c o l o u r  i n  t h e  medium was t a k e n  t o  be t h e  
p o s i t i v e  r e a c t i o n .  The c o n t r o l s  and n e g a t i v e  t u b e s  rem a in e d  
y e l lo w .
C o n t r o l s :  A r g i n i n e  L y s in e  O r t h i n i n e
P r o t e u s  v u l g a r i s  -
K l e b s i e l l a  a e ro g e n e s  -  +
E s c h e r i c h i a  c o l i  -  + +
S a lm o n e l l a  typh im urium  + + +
24. A c t io n  on c a r b o h y d r a t e s  and r e l a t e d  s u b s t a n c e s . To t u b e s  
c o n t a i n i n g  Durham's  t u b e s  2 .5  ml a l i q u o t s  o f  A n d r a d e ' s  p e p to n e  
w a t e r  (Oxoid Code No. CM61) p l u s  1.0% c a r b o h y d r a t e s  and r e l a t e d  
s u b s t a n c e s  were added .  They were i n o c u l a t e d  w i t h  g ro w th  from 
14 day c u l t u r e s .  The t u b e s  were i n c u b a t e d  a t  25°C and 
examined d a i l y  up t o  15 days f o r  a c i d  and gas  p r o d u c t i o n .
N o  c o n t r o l .
T ab le  3  C a rb o h y d ra te  and r e l a t e d  s u b s t a n c e s  u se d  f o r  a c i d ,  
o r  a c i d  and g a s ,  p r o d u c t i o n .
CLASS CHO
M o n o sac ch a r id e s
( p e n t o s e s ) a r a b i n o s e ,  rham nose ,  x y lo s e
M onosacch a r ide  s 
(h ex o ses )
f r u c t o s e ,  g a l a c t o s e ,  g l u c o s e ,  mannose,  
s o r b o s e
D i s a c c h a r i d e s l a c t o s e ,  m a l t o s e ,  s u c r o s e ,  c e l l o b i o s e ,  
m e l i b i o s e ,  t r e h a l o s e
T r i s a c c h a r i des r a f f i n o s e
P o l y s a c c h a r i d e s  d e x t r i n ,  g ly c o g e n ,  i n u l i n
Sugar  a l c o h o l s a d o n i t o l ,  d u l c i t o l ,  g l y c e r o l ,  i n o s i t o l ,  
m a n n i t o l ,  s o r b i t o l ,  e r y t h r i t o l
G ly c o s id e s S a l i c i n ,  amygda l in
25. C h i t i n a s e . Growth from 14 day p l a t e  c u l t u r e s  
was i n o c u l a t e d  on t o  p l a t e s  c o n t a i n i n g  c h i t i n - m i n e r a l  
a g a r  medium (L ingappa  & Lockwood, 1961) and i n c u b a t e d  
a t  25°C f o r  2-3 w eeks .  C l e a r  zones  a round  t h e  c o l o n i e s  
were  t a k e n  t o  i n d i c a t e  c h i t i n a s e  p r o d u c t i o n .
P h o to g ra p h y
P h o to m ic ro g ra p h s  o f  Fusar ium  s p p .  were t a k e n  
u s i n g  a L e i t z  o r t h o p l a n  m ic ro s c o p e  and I l f o r d  Pan F 
35 mm f i l m .  Two week o l d  s l i d e  c u l t u r e s  g rowing  on 
PSA were  mounted i n  l a c t o p h e n o l  and p h o to g r a p h e d  w i t h o u t  
s t a i n i n g .
Computer M e th o d s ;
The a n a l y s i s  o f  d a t a  on a l l  t h e  p r o p e r t i e s  o f  f u n g a l  
s t r a i n s  s t u d i e d  was c a r r i e d  o u t  by an e l e c t r i c  c o m p u te r ,  
a c c o r d i n g  t o  A danson ian  p r i n c i p l e s  o f  b i o l o g i c a l  taxonomy 
as d e v e lo p e d  and a p p l i e d  by S n e a th  (1 95 7 a , b ) .  The d a t a  
were p r o c e s s e d  by t h e  U n i v e r s i t y  o f  S u r r e y  com pu te r ,  ICL 
1905 F. The com puter  p rogram  was d e v i s e d  by P r o f e s s o r  
J .  E. Smith and w r i t t e n  by Mr B. D e a v i l l e  o f  t h e  U n i v e r s i t y  
o f  S u r r e y .
The p u rp o se  o f  t h e  computer  a n a l y s i s  was t o  c l a s s i f y  
s t r a i n s  i n t o  g roups  o r  c l u s t e r s  on t h e  b a s i s  o f  h i g h e s t  
m u tu a l  o v e r a l l  s i m i l a r i t y .  Only t h o s e  t e s t s  which  gave 
v a r i a b l e  r e s u l t s  f o r  a l l  t h e  s t r a i n s  were i n c l u d e d  i n  t h e  
a n a l y s i s ,  and t e s t s  which were e i t h e r  o v e r a l l  p o s i t i v e  o r  
n e g a t i v e  were  o m i t t e d .
The f o l l o w i n g  p r o c e s s e s  were i n v o l v e d  i n  t h e  a n a l y s i s :
1. Coding o f  i n f o r m a t i o n  (manual)
2. C a l c u l a t i o n  o f  c o e f f i c i e n t s  o f  s i m i l a r i t y  (com puter )
3. C l u s t e r  g ro u p in g  (com puter)
4. D iagram m at ic  r e p r e s e n t a t i o n  o f  c l u s t e r  a n a l y s i s  
(manual)
1.  Coding o f  i n f o r m a t i o n : -  The computer  program  was 
d e s i g n e d  t o  a c c e p t  d a t a  e x p r e s s e d  i n  one o f  t h e  f o l l o w i n g  
f o r m s : -
( i )  Two s t a t e  q u a l i t a t i v e
( i i )  M u l t i  s t a t e  q u a l i t a t i v e  
( i i i )  Q u a n t i t a t i v e .
( i )  Two s t a t e  q u a l i t a t i v e . T h is  typ e  o f  i n f o r m a t i o n  
i n d i c a t e d  th e  p r e s e n c e  o r  a b sen ce  o f  a p a r t i c u l a r  p r o p e r t y  
i n  an o rg an ism  and was n o r m a l ly  coded as  = 0  o r  1 .
e . g .  S p o re s :  p r e s e n t  = 1
a b s e n t  = 0
This  k i n d  o f  i n f o r m a t i o n  was e x c e p t i o n a l l y  coded as  -  o r  +.
e . g .  S p o re s :  a b s e n t  = -
p r e s e n t  = +
The s i g n i f i c a n c e  o f  t h e s e  two c o d in g  c o n v e n t io n s  i s  
t h a t  t h e y  i n d i c a t e  s l i g h t l y  d i f f e r e n t  methods o f  s c o r i n g  
and c o u n t i n g  i n  t h e  s u b s e q u e n t  c a l c u l a t i o n  o f  s i m i l a r i t y  
c o e f f i c i e n t :  i n  t h e  0  o r  1 method,  s i m i l a r i t y  o f  two o b j e c t s
i n  e i t h e r  o f  t h e  two c h a r a c t e r s  s t a t e s  c o n t r i b u t e s  t o  t h e
c o e f f i c i e n t ;  i n  t h e  - o r  + method o n ly  s i m i l a r i t y  i n  t h e
+ s t a t e  c o n t r i b u t e s  (S m i th ,  1 968) .
( i i )  M u l t i s t a t e  q u a l i t a t i v e . T h is  ty p e  o f  i n f o r m a t i o n  
i n d i c a t e s  s e v e r a l  t y p e s  o f  r e a c t i o n  o r  r e s u l t s  o b t a i n e d  i n  
one t e s t ,  e . g .  p i g m e n t a t i o n  o f  c u l t u r e s : -
Coded 
r e d  A
b l u e  B
y e l lo w  C
p i n k  D
In  t h i s  ty p e  o f  a t t r i b u t e ,  t h e  o r d e r  o f  t h e  d i f f e r e n t  
a t t r i b u t e  s t a t e s  i s  i m m a t e r i a l ,  e . g .  r e d  i s  no more s i m i l a r  
t o  b lu e  t h a n  i t  i s  t o  y e l l o w  and so on.
( i i i )  Q u a n t i t a t i v e . T h is  ty p e  o f  i n f o r m a t i o n  was 
coded as t h e  a c t u a l  n u m e r i c a l  v a l u e  f o r  a p a r t i c u l a r
s t r a i n ,  e . g .  c e l l  d i a m e t e r  i n  m ic r o n s ,  o r  w e ig h t  o f  s e e d
i n  grammes, 0 .00 5  t o  0 .2 1 9 .  Sometimes such  r e s u l t s  were
coded i n  numbers r a n g i n g  from 0 . 0  t o  1 . 0 , e x p r e s s i n g  t h e
d e g re e  o f  p o s i t i v e n e s s ,  e . g .  g rowth
no growth = 0
p o o r  growth  = 0 . 2
good growth  = 1 . 0
O c c a s i o n a l l y  such  d a t a  were coded 0 , 1 , 2 ,  e . g .  a c i d  
p r o d u c t i o n  from g lu c o s e
n e g a t i v e  = 0
weakly  a c i d i c  = 1  
s t r o n g l y  a c i d i c  = 2 
Q u a n t i t a t i v e  d a t a  have  t o  be r e s c a l e d  t o  occupy  t h e  
r an ge  o f  0  t o  1 a t  some s t a g e  b e f o r e  c a l c u l a t i o n  o f  
s i m i l a r i t y  c o e f f i c i e n t s .  For any e n t r y : -
r e s c a l e d  v a lu e  = %----- ^c -  D
where a = a c t u a l  v a lu e  r e c o r d e d ,  b = t h e  lo w e s t  v a l u e  
r e c o r d e d  f o r  t h e  t e s t ,  c = h i g h e s t  v a lu e  r e c o r d e d  f o r  t h e  
t e s t .  The c o m ple te  l i s t  o f  t e s t s  u s e d  f o r  computing
c o e f f i c i e n t s  o f  s i m i l a r i t y  and th e  forms i n  which t h e i r  
r e s u l t s  were coded a r e  g iv e n  i n  T ab le  CM)
2. C a l c u l a t i o n  o f  c o e f f i c i e n t s  o f  s i m i l a r i t y  ÇS) : - 
C a l c u l a t i o n  o f  c o e f f i c i e n t s  o f  s i m i l a r i t y  f o r  e ac h  p a i r  of  
' o p e r a t i o n a l  taxonom ic  u n i t s '  (O .T .U .s )  and c o n s t r u c t i o n  
o f  a m a t r i x  composed o f  t h e s e  c o e f f i c i e n t s  were  c a r r i e d  
o u t  by t h e  c o m p u te r .  For  any p a i r  o f  o b j e c t s :
= ■ 1
where S = s i m i l a r i t y  c o e f f i c i e n t ,  t  = t o t a l  s c o r e ,  
c = t o t a l  c o u n t .  The t o t a l  s c o r e  i s  t h e  sum o f  i n d i v i d u a l  
s c o r e s  awarded t o  each  p a i r  o f  t e s t - r e s u l t s ;  t h e  t o t a l  
c o u n t  i s  l i k e w i s e  t h e  sum o f  t h e  i n d i v i d u a l  c o u n t s ,  e v e r y  
v a l i d  com par iso n  b e in g  c o u n te d  as 1 .
3. C l u s t e r  g r o u p i n g : -  The g ro u p in g  o f  t h e  s t r a i n s  (O .T .U .s )  
i n t o  c l u s t e r s  o f  c l o s e l y  r e l a t e d  o rg an ism s  was c a r r i e d  o u t  
by a form o f  c l u s t e r  a n a l y s i s .  In  t h i s  p r o c e s s  t h e  s t r a i n s  
were r e o r g a n i s e d  i n  such  a f a s h i o n  t h a t  t h o s e  r e l a t e d  by 
h i g h  m u tu a l  c o e f f i c i e n t s  o f  s i m i l a r i t y  were g rou p ed  t o g e t h e r .  
Methods o f  c l u s t e r  a n a l y s i s  u se d  were ( i )  S i n g l e  L ink  
Grouping  (S .L .G . )  method (S n e a th  1957b) where  s t r a i n s  a r e  
added t o  g roups  i n  which t h e y  show t h e  h i g h e s t  s i m i l a r i t y  
w i t h  any o t h e r  s t r a i n ,  and ( i i )  S i n g l e  L ink  L i s t i n g  ( S . L . L . )  
method i n  which s t r a i n s  a r e  added t o  a group a c c o r d i n g  t o  
t h e i r  s i m i l a r i t y  t o  s t r a i n s  on t h e  edge o f  t h e  g ro u p .  The
S .L .L .  method was d e v i s e d  by Smith  (1965) and was s u c c e s s f u l l y  
u se d  by H u s a in i  (1 9 6 6 ) ,  R o b e r t s  (1968) and S h r i v a s t a v a  (1 9 7 0 ) .
In  t h e  S .L .G .  method t h e  s i m i l a r i t y  m a t r i x  was
scan n e d  a t  f a l l i n g  l e v e l s  o f  e i t h e r  5% o r  2%. S i m i l a r i t y  
and s t r a i n s  were i n c l u d e d  i n  g roups  a t  t h e  l e v e l  a t  which  
t h e y  were  s i m i l a r  t o  any member o f  t h e  g ro u p .
In  t h e  S .L .L .  method t h e  s i m i l a r i t y  m a t r i x  was
scan n e d  i n  d e s c e n d in g  s t e p s  o f  0.1% s i m i l a r i t y .  S t r a i n s  
were  o n ly  i n c l u d e d  i n  t h e  l i s t  a t  t h e  l e v e l  a t  w h ich  t h e y  
were s i m i l a r  t o  t h e  s t r a i n s  a t  e i t h e r  end o f  t h e  l i s t .
T h is  was t h e  b a s i c  d i f f e r e n c e  be tw een  S .L .L .  and S . L . G . ,
s i n c e  i n  t h e  l a t t e r  t h e  c r i t e r i o n  f o r  a d m is s io n  o f  an O.T.U.
to  a c l u s t e r  was s i m i l a r i t y  t o  any s t r a i n  i n  t h e  c l u s t e r
and n o t  m e r e ly  t o  t h e  two t e r m i n a l  s t r a i n s .
4. D iagram m at ic  r e p r e s e n t a t i o n  o f  c l u s t e r  a n a l y s i s : - 
G roupings  among t h e  s t r a i n s ,  p ro d u c e d  by c l u s t e r  a n a l y s i s ,  
can be made e a s i l y  r e c o g n i s a b l e  by means o f  a dendogram 
(o r  d iag ram  o f  r e l a t i o n s h i p ) . These were p r e p a r e d  by 
u s i n g  t h e  d a t a  o b t a i n e d  by  e i t h e r  t h e  S .L .G .  method o r  
b o t h  S .L .G .  and  S .L .L .  methods o f  c l u s t e r  a n a l y s i s .  The
f i r s t  s t e p  i n  c o n s t r u c t i n g  t h e  dendogram was t o  d i s p o s e   >
t h e  r e a r r a n g e d  seq uen ce  o f  s t r a i n s , o b t a i n e d  by c l u s t e r  
a n a l y s i s ,  a lo n g  t h e  a b c i s s a  o f  t h e  g raph  and t o  draw an 
o r d i n a t e  i n d i c a t i n g  t h e  r a n g e  o f  s i m i l a r i t y  c o e f f i c i e n t s  
a t  which e ach  o f  t h e  v a r i o u s  c l u s t e r s  u n i t e d .  A d j a c e n t  
s t r a i n s  showing t h e  h i g h e s t  m u tua l  s i m i l a r i t y  v a l u e s  were 
t h e n  c o n n e c te d  by a h o r i z o n t a l  l i n e  a t  t h a t  o r d i n a t e  l e v e l  
which c o r r e s p o n d e d  w i t h  t h e i r  m u tu a l  s i m i l a r i t y  c o e f f i c i e n t .  
Stem l i n e s  were drawn from t h i s  l e v e l  t o  t h e  h o r i z o n t a l  
b a se  l i n e .  S i m i l a r l y ,  f u r t h e r  s t r a i n s  were j o i n e d  by 
h o r i z o n t à l  l i n e s ,  a t  a p p r o p r i a t e  f a l l i n g  s i m i l a r i t y  
c o e f f i c i e n t  l e v e l s .  T h is  p r o c e s s  was c o n t i n u e d  u n t i l  a l l  
s t r a i n s  were l i n k e d .  From such a dendogram, s i m i l a r i t i e s  
be tw een  any j o i n i n g  s tems c o u ld  be r e a d  by m e a s u r in g  t h e  
l e v e l  a lo n g  t h e  o r d i n a t e  o f  t h e  h o r i z o n t a l  l i n e  c o n n e c t i n g  
t h e  s t e m s ,  and t h e  a f f i n i t i e s  o f  c l u s t e r  t o  c l u s t e r  become 
a p p a r e n t .
Shaded s i m i l a r i t y  m a t r i c e s  were p r e p a r e d  as w e l l  
as dendograms,  i n  t h e  hope o f  d e m o n s t r a t i n g  f u r t h e r  
r e l a t i o n s h i p s .
T ab le  H
Coding o f  f e a t u r e s  o f  t h e  t e s t  fungus  f o r  computer  a n a l y s i s
Form o f  d a t a T e s t s  f o r  c h a r a c t e r i z a t i o n  o f  
f u n g a l  s t r a i n s __________________
Method o f  
c o d in g
T w o - s t a t e
q u a l i t a t i v e
M i c r o c o n i d i a  i n  c h a i n s ,  
M acrocon id a  w a l l  t h i c k n e s s .
A p ices  -  s h a r p .  Beaked,  
P e d i c e l l a t e ,  C h lam ydospores ,  
P i o n n o t e s ,  S p o ro d o c h ia ,  S c l e r o t i a ,  
Growth i n  6.5% NaCl, NO3 and NO2 
r e d u c t i o n ,  m a lo n a te  u t i l i z a t i o n .  
G lu c o n a te  o x i d a t i o n ,  O-F t e s t .  
D e c a r b o x y l a t i o n  o f  a r g i n i n e .  
A c t io n  on l i t m u s  m i l k .
U t i l i z a t i o n  o f  c i t r a t e ,  gas 
from CHO, o r g a n i c  a c i d s  as 
c a rb o n  s o u r c e ,  h y d r o l y s i s  o f  
a r g i n i n e ,  sodium h i p p u r a t e  and 
s t a r c h ,  g rowth  i n  KCN.
n e g a t i v e
p o s i t i v e
M u l t i s t a t e
q u a l i t a t i v e
Shape o f  m ic r o -  and m a c r o c o n i d i a .  A, B, C, D,
p h i a l i d e s  ( s i m p le ,  p o ly  o r  
p r o l i f e r a t i n g ) , a e r i a l  mycelium 
(com pact ,  f l o c c o s e ,  e t c . ) ,  
ch lam ydospores  ( t e r m i n a l ,  
i n t e r c a l a r y  o r  i n  g r o u p s ) , 
p i g m e n t a t i o n .
E, F , , G ,  H, 
I ,  J ,  K, L, 
M, N, 0 ,  P, 
Q, R, S .
Q u a n t i t a t i v e Acid  from c a r b o h y d r a t e s .
S e n s i t i v i t y  t o  a n t i b i o t i c s ,  
f u n g i c i d e s  and d y e s .  P re s e n c e  
o f  m ic r o -  and m a c r o c o n i d i a .
S o l u b i l i t y  o f  p igm en ts  i n  
d i f f e r e n t  o r g a n i c  s o l v e n t s .  
P a t h o g e n i c i t y  on bean  h y p o c o t y l s .  
U r e a s e ,  P h e n o l p h t h a l e i n  phosphate^ 
a g a r  g e r m i n a t i o n  t e s t  - n e c r o s i s  
and s t u n t i n g ,
Length  and w id th  o f  m ic r o -  and 
m a c r o c o n i d i a  i n  y , c u r v a t u r e  o f  
m a c r o c o n i d i a  i n  p., s e p t a t i o n  
o f  c o n i d i a ,  g rowth  r a t e  a t  25 C,
*growth a t  v a r i o u s  t e m p e r a t u r e s .
Mean o f  pH v a l u e s  f o r  optimum 
g ro w th ,  minimum and maximum pH, 
growth  i n  60% g l u c o s e ,
( ^ ^ g e l a t i n ,  c a s e i n ,  T y r o s i n e ,  
C o m p e t i t iv e  s a p r o p h y t i c  a b i l i t y ,  
minimum % o f  inoculum  ( f u n g u s ^ t  s o i l )  
f o r  which r e c o v e r y  was made,^  ^ a g a r  
g e r m i n a t i o n  t e s t ,  p a t h o g e n i c i t y  on 
(4)apples ,  ( 3 ) p o t a t o e s  and t o m a t o e s .
coded  as  
a c t u a l  
n u m e r i c a l  
r e s u l t .
t h e
N o t e s : -  * I f  growth  a t  two d i f f e r e n t  t e m p e r a t u r e s  was t h e  same, 
t h e  mean o f  t h e  t e m p e r a t u r e s  was t a k e n .
R a t i o  d l / d 2 ,  where d l  = d i a m e t e r  o f  c l e a r i n g  zone
n . ^ d 2 = d i a m e t e r  o f  c o lo n y .
^ g e r m i n a t i o n  o f  t e s t  sample  ^
% g e r m i n a t i o n  o t  c o n t r o l
w id th  o f  l e s i o n  p ro d uced  by t h e  t e s t  f u n g u s .
( 1)
C2)
(3)
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5. 2 + ov 8 . 8 - 9 . 3 3 . 5 - 4 . 2 2 C 0 5- 10 + +
6. 0 - — - - 2 C 0 3-4 + +
7. 0 - - - - 2 A 1 3-5 +
8. 0 - - - - 2 D 0 5 + -
9. 0 - - - - 2 A 1 5 +
10. 0 - - - - 2 A 1 3-5 + -
11. 0 - - - - 2 D 0 3-5 + •
12. 0 - - - - 2 D 0 5 + -
13. 0 - - - - 2 A 1 3-5 +
14. 0 - - - - 2 A 1 3-5 .+ .
15. 0 - - - - 2 D 0 3-5 +
16a 2 + c l 2 . 4 - 8 . 5 2 . 5 2 A 1 3-5 + -
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22a 0 - - - - 2 A 1 3- 5 + .
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2 . 5 - 3 . 5
B B
A
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+
E
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R eddish  
orange  
Deep red
Pah oran ge + + +
b : 0 . 0 0 5 25- 58 2 . 5 - 3 . 5 C A + C Purplish g rey - + - +
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0 ' 0 .1 2 3 . 5 - 6 0 4 . 2 - ; A + C BrmmiA red Red orange + - -
0 0 . 1 2 2 7 . 8 - 4 9 . 2 4 . 2 - A + C Brownish red Orange + - -
, 1 0 .9 2 1 . 4 - 3 6 . 4 3 . 5 - 4 . 2 c C + B Bromish red Orange - + -
0 - 2 6 . 6 - 3 8 . 7 3 . 5 - A + CF Purplidi g rey - - -
' —, 1 0 . 9 - 3 8 . 7 2 . 5 - 3 . 5 - A + AF Violet brown - - + -
- - - A + CF Violet b rown - + - -
b 0 . 1 2 1 9 . 3 - 4 5 2 - 3 . 5 - C + CE Ifeddi^ orange Orange red + - +
1 9 . 3 - 5 2 2 . 1 B B + C Pa l e  oran ge — - - -
- - C A + C P a le  orange — + - -
-b:-' 0 . 6 2 2 5 . 6 - 6 0 4 . 2 D A + B BrownMi red Red - + -
- - - - A + C RedchÆ orange - + - -
0 .9 2 7 . 8 - 5 3 . 5 3 . 2 - 4 . 3 - A + C Brownie red Orange + - -
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+
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, b ' b ' 0 .1 1 9 . 3 - 3 4 . 2 3 . 0 D B + C Ruby Idoletb rown + - -
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42a 0 - - - - 2 D 0 3-5 +
42b 0 - - - - 2 D 0 3-5 + T
42c 0 - - - - 2 D 0 3- 7 + -
43. 2 + ov 6 . 4 - 1 2 . 9 4 . 2 2 C 0 5 - 1 0 +
201 0 - - - - 0 - - - >  -
207 0 - - - - 0 - - - -
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Notes  : -
M o r p h o lo g ic a l  c h a r a c t e r s  
M ic ro -  and m a c r o c o n id i a :
1 .  M i c r o c o n i d i a
(a) C ha ins :
(b) Shape:
M a c ro c o n id ia
(a)  Shape:
(b) T h ic k n es s  o f
w a l l :
(c)  P e d i c e l l a t e  
A p e d ic e 11a t e
(d) Beaked 
Unbeaked
(e) Apices  :
( f ) C u r v a tu r e  :
0  = a b s e n t
1 = s p a r s e
2 = abundan t
+ = p r e s e n t  
- = a b s e n t  
py " p y r i f o r m  
c l  = c l a v a t e  
ov = o v a l
A = f a l c a t e
B = s i c k l e  o r  s p i n d l e  sh a p e d  
C = s t o c k y  o r  e l o n g a t e  
D = f u s i f o r m  f a l c a t e
0  = t h i c k
1 = t h i n  
=  +
=  +
0  = s h a r p
1 = b l u n t
where  d = c u r v a t u r e  o f  t h e  c o n i d i a  
and 1 = l e n g t h  o f  t h e  c o n i d i a
3. Chliàmydospores :
4 .  P h i a l i d e s :
5 .  C o i l e d  s t r u c t u r e s
A = t e r m i n a l  
B = i n t e r c a l a r y  
C = mixed
D = c o n i d i a l  chl&mydospores
-  = a b s e n t
A = s im p le  
B = p o ly
C = p r o l i f e r a t i n g
- = a b s e n t
+ = p r e s e n t
- = a b s e n t
C u l t u r a l  c h a r a c t e r s
(a)  Mycelium:
(b) Sporodoch ia :
(c)  P i o n n o t e s :
(d) S c l e r o t i a
A = 
B = 
C = 
D = 
E = 
F =
+  =  
+  =  
+  =
compact
l a n a t e
f l o c c o s e
s l im y
s p a r s e
powdery
p r e s e n t
a b s e n t
p r e s e n t
a b s e n t
p r e s e n t  
a b s e n t
L in e a r  e x t e n s i o n  on P .S .A .  a f t e r  4 days a t  25 C
S t r a i n  
No.
D iam ete r  o f  c o lo n y  
i n  cm a f t e r  4 days
S t r a i n  
No.
D iam ete r  o f  c o lo n y  
i n  cm a f t e r  4 days
1 5 .5 25 5 .6
2 5 .1 26a 1 . 0
3 2 . 8 26b 1 .3
4 5 .0 27 2 .7
5 3 .5 28 3 .1
6 2 .4 29 1 .4
7 6 .85 30 6 .3
8 6 .75 31 2 . 6
9 4 .3 32 4 .2
1 0 4 .3 33 5 .7
11 8 .5 34 0 . 7
12 7.5 35a 5 .0
13 4 .7 35b 4 .7
14 4 .3 36 7 .6
15 8 . 0 37 7 .5
16a 5 .65 38 6 . 0
16b 5 .1 40 0 . 8
16c 6 . 2 41 0 .7
17 3 .5 42a 8 . 0
18 6 . 8 42b 8 . 0
19 5 .5 42c 8 . 0
20 4 .2 43 4 .2
21 4 .8 2 0 1 2 .5
2 2 a 5 .5 207 2 .5
2 2 b 5 .5 2 1 0 4 .6
23 1 .5 215 1 .7 5
24 3 . 0 H el . 5 .7
Growth r a t e  : -  A f t e r  4 d a y ' s  growth on P .S .A .  i n  p l a t e s ,  
t h e  c o lo n y  d i a m e t e r  o f  a l l  t h e  i s o l a t e s  was m e a su re d .
The c o lo n y  d i a m e t e r  o f  15 s t r a i n s  ( m o s t ly  p i o n n o t a l  fo rm s)  
was be tw een  1-3 cm, o f  14 s t r a i n s  3-5 cm and o f  25 s t r a i n s  
5 - 8 . 0  cm.
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Growth a t  v a r i o u s  t e m p e r a t u r e s  : -
The range  o f  f a v o u r a b l e  growth t e m p e r a t u r e  f o r  
t h e  m a j o r i t y  o f  f u s a r i a  l a y  be tw een  25°-30°C .  The 
optimum growth t e m p e r a t u r e s  t e s t e d  f o r  31 s t r a i n s  was 
25°C, f o r  8 s t r a i n s  30°C, and f o r  12 s t r a i n s  15°C.
Some s t r a i n s  showéd t h e  same growth  a t  two d i f f e r e n t  
t e m p e r a t u r e s ;  i n  t h e s e  c a s e s  t h e  mean o f  t h e  two 
t e m p e r a t u r e s  was t a k e n  t o  be t h e  optimum.
Only 24 s t r a i n s  were a b l e  t o  grow a t  5°C and 
23 a t  37°C. None o f  t h e  f u s a r i a  showed growth  a t  
40°C. H ig h e r  t e m p e r a t u r e  s t r o n g l y  i n h i b i t e d  m y c e l i a l  
growth and sp o re  g e r m i n a t i o n .
S t r a i n  
No.
p e r c e n t a g e  inoculum 
+ s o i l  m ix t u r e S t r a i nNo.
p e r c e n t a g e  inocu lum  
+ s o i l  m ix t u r e
98% 75 % 50% 25% 98% 75% 50% 25%
1 3 3 2 0 25 3 0 0 0
2 2 0 0 0 26a 2 0 0 0
3 3 3 3 2 26b 2 1 0 0
4 3 3 2 2 ■ 27 3 2 1 1
5 3 2 1 0 28 0 0 0 0
6 1 0 0 0 29 1 0 0 0
7 3 2 0 0 30 3 3 2 2
8 3 3 2 2 31 2 1 0 0
9 2 1 0 0 32 2 2 1 0
1 0 0 0 0 0 33 1 0 0 0
11 3 3 3 3 34 2 2 1 0
12 3 3 2 1 35a 3 3 3 1
13 3 1 0 0 35b 3 3 3 1
14 2 0 0 0 36 2 2 1 0
15 3 3 2 2 37 3 1 1 0
16a 3 3 2 2 38 3 2 2 0
16b 3 3 1 0 40 0 0 0 0
16c 2 2 0 0 41 2 1 0 0
17 1 1 0 0 42a 3 3 3 3
18 3 3 3 3 42b 3 2 1 1
19 3 3 3 3 42c 3 3 3 3
20 3 3 2 2 43 2 2 1 0
21 3 0 0 0 2 0 1 3 3 2 2
2 2 a 3 1 1 1 207 3 2 1 1
2 2 b 3 2 1 0 2 1 0 3 3 2 2
23 3 2 1 0 215 3 2 2 1
24 3 2 0 0 H 3 2 1 0
N otes  : - 0 = no growth  o f  t h e t e s t  fungus
1 = s c a n t y  g row th  o f  t h e  t e s t  fu n gu s
2 = m o d e ra te  growth  o f  t h e  t e s t  fungus
3 = good g row th  o f  t h e  t e s t  fungus
C o m p e t i t iv e  s a p r o p h y t i c  a b i l i t y  : -
A l l  t h e  i s o l a t e s  have been  d i v i d e d  i n t o  t h r e e  
g ro u ps  on t h e  b a s i s  o f  t h e i r  s a p r o p h y t i c  c o l o n i z a t i o n  
a b i l i t y  u s i n g  R a o ' s  (1959) a g a r  p l a t e  method.  Group I 
c o n s i s t s  o f  v ig o r o u s  s a p r o p h y t e s ,  group I I  i n t e r m e d i a t e  
s a p r o p h y t e s  and g roup  I I I  p o o r  s a p r o p h y t e s .
The f i n d i n g s  a g re e  w i t h  t h o s e  o f  e a r l i e r  w o rk e rs  
t h a t  F. culmorum i s  a  v ig o r o u s  c o m p e t i t i v e  s a p r o p h y t e  
( S a d a s iv a n  1939,  Walker  1941, B u t l e r  1953a,  Lucas 1955,
Rao 1 959) .  E ig h t  more s p e c i e s  o f  F u s a r i u m , i . e .  F . p o a e ,
F. oxysporum, F. oxysporum f .  p i s i  r a c e  1 & r a c e  2,
F. s o l a n i , F. m o n i l i f o r m e , P. e q u i s e t i , F. chlamydosporum 
and F. a r t h r o s p o r i o i d e s  were a l s o  shown t o  be good 
s a p r o p h y t e s  by t h e  a g a r  p l a t e  method .  The p o o r  s a p r o p h y t e s  
a r e  F. s e m i t e c t u m , F. dimerum, F . l a r v a r u m , F. c o e r u l e u m ,
F. avenaceum, F. sambucinum, F. b u x i c o l a  and F. l a t e r i t i u m . 
The r e m a in in g  Hisar ium s p e c i e s  and H e lm in tho spo r ium  s p .  
have been  p l a c e d  i n t o  group I I ,  o f  i n t e r m e d i a t e  s a p r o p h y t e s .
t r a i n
No. M ethano l P y r i d i n e Chloroform Dioxan
D i s t i l l e d
w a t e r
1 1 2 0 1 0
2 0 4 1 2 0
3 3 4 4 4 0
4 3 4 3 3 0
5 2 4 3 3 0
6 0 0 0 0 0
7 1 4 3 2 1
8 1 4 2 2 1
9 2 4 1 3 0
1 0 2 4 3 4 0
11 3 4 4 3 0
12 1 4 2 2 0
13 * * * * *
14 * * * * *
15 1 4 3 2 1
16a 3 4 2 3 2
16b 1 4 1 2 1
16c 1 4 3 1 1
17 1 4 0 0 2
18 * * * * *
19 2 4 4 2 0
20 0 0 0 0 0
21 2 4 3 2 1
2 2 a * * * * *
2 2 b 1 4 4 3 0
23 * * * * *
24 1 4 1 2 0
25 2 3 0 0 0
26a * * * * *
26b * * * * *
27 * * * * *
28 * * * * *
29 * * * * *
30 1 4 3 3 2
31 * * * * *
32 * * * * *
33 0 1 0 0 1
S t r a i n  
No. M ethanol P y r i d i n e Chlorofo rm Dioxan
D i s t i l l e d
w a t e r
: "34 * * * * *
35a 0 0 0 0 0
35b 0 0 0 0 0
36 1 4 3 2 1
37 2 3 3 1 1
38 3 4 1 4 2
40 * * * * *
41 * * * * *
42a 1 4 1 2 1
42b 1 4 2 2 0
42c 1 4 2 1 1
43 1 4 1 3 0
2 0 1 3 4 3 4 2
207 3 4 3 4 2
2 1 0 0 4 2 2 0
215 2 3 4 3 1
H 0 0 0 0 0
N otes  : -
* = 
0  = 
1 = 
2 =
3 =
4 =
no p igm ent  p ro d u c e d  i n  shaken  f l a s k s
none
poor
m o d era te
good
e x c e l l e n t
S o l u b i l i t y  o f  p ig m e n ts  i n  o r g a n i c  s o l v e n t s : -
N e a r ly  15 i s o l a t e s ,  i . e .  F. avenaceum ( n o s .  13,
14, 2 2 a ) ,  F. e q u i s e t i , F. aquaeduc tuum , F . m er ism o id es  
(n o s .  26a ,  2 6 b ) ,  F. dimerum, F. s t i l b o i d e s , F. c o e r u l e u m , 
F. x y l a r i o i d e s , F. h e t e r o s p o r u m , F. n i v a l e , F. l a r v a r u m  
and F. b u x i c o l a , were n o t  a b l e  t o  p ro d uce  p igm en t  i n  
RaulinTThom's  medium c o n t a i n i n g  10% g a l a c t o s e .  These 
i s o l a t e s  a l s o  f a i l e d  t o  p rod u ce  p igm ent  i n  Raulin-Thom*s 
medium (+ 5% g l u c o s e )  b o t h  i n  a c i d i c  and a l k a l i n e  s i d e .
The p ig m e n ts  o f  F. c o e r u l e u m , F. s o l a n i  and F. 
a r t h r o s p o r i o i d e s  were n o t  s o l u b l e  i n  any o f  t h e  o r g a n i c  
s o l v e n t s  u s e d .  Fo r  t h e  m a j o r i t y  o f  i s o l a t e s ,  p y r i d i n e ,  
c h lo r o f o r m ,  and Dioxan were t h e  b e s t  o r g a n i c  s o l v e n t s .  
M ethanol  and d i s t i l l e d  w a t e r  gave poor  r e s u l t s .
The p igm ent  o f  HelminthospoTkim s p .  was a l s o  n o t  
s o l u b l e  i n  any o f  t h e  o r g a n i c  s o l v e n t s  u s e d .
s t r a i n  No. Minimum pH Mean o f  pH v a l u e s  f o r  
optimum growth
Maximum pH
1 1 .5 6 .25 1 2 . 0
2 2 .5 6 .5 10 .5
3 3 .5 6 .5 1 0 .5
4 2 . 0 5.75 1 2 . 0
5 3 . 0 6 . 0 1 2 . 0
6 3 .5 6 .25 1 2 . 0
7 2 . 2 6.25 1 2 . 0
8 3 .5 6 .75 1 2 . 0
9 3 .0 6 .25 1 2 . 0
1 0 3 .0 6 .25 1 2 . 0
11 2 .5 6 .25 1 2 . 0
12 2.5 6 . 0 1 1 . 8
13 2.5 6 .25 1 2 . 0
14 2 .5 5 . 3 _ 1 2 . 0
15 2.5 5 .3 1 2 . 0
16a 2 .5 7.25 1 2 . 0
16b 2 .5 6 .75 1 2 . 0
16c 2 . 0 5.3 1 2 . 0
17 2.5 5 .55 1 2 . 0
18 2.5 6 .75 1 1 . 8
19 2 .5 7.25 1 1 . 8
20 2.5 6 .65 1 1 . 8
21 2.5 8 . 0 1 2 . 0
2 2 a 2 .5 6.65 1 2 . 0
2 2b 2 .5 7.8 1 2 . 0
23 355 6 .05 1 1 . 0
24 2 .5 5 .3 1 2 . 0
25 2 .5 8 . 1 1 2 . 0
26a 2 .5 8 . 0 1 1 . 0
26b 2 .5 6 .5 1 1 . 0
27 2 .5 7 .5 1 1 . 8
28 3 .5 5 .6 1 1 . 0
29 3 .5 5 .6 1 2 . 0
30 2 .5 5 .3 1 2 . 0
31 2 .5 7 .25 1 1 . 0
32 2.5 6 .5 1 1 . 0
33 2 .5 8 . 0 1 2 . 0
S t r a i n  No. Minimum pH Mean o f  pH v a l u e s  f o r  Maximum pH
optimum growth
34 4 .0 6 .25 1 1 . 0
35a 2 .5 7 .5 1 2 . 0
35b 3 .5 7 .5 1 2 . 0
36 2.5 7.25 1 2 . 0
37 2 .5 6 .5 1 1 . 0
38 2 . 0 7.5 1 2 . 0
40 4 .0 6 . 2 1 1 . 0
41 4 .0 6 .25 1 1 . 0
42a 2 .5 4 .0 1 2 . 0
42b 2 .5 5 .55 1 2 . 0
42c 2 .5 5 .5 1 2 . 0
43 4 .0 5 .3 1 2 . 0
2 0 1 2.5 8 . 0 1 2 . 0
207 2 .5 8 . 6 1 2 . 0
2 1 0 2 .5 7 .5 1 2 . 0
215 2 .5 7.25 1 2 . 0
H 3 .0 6 .25 11 .5
pH : -  The e f f e c t  o f  v a r y i n g  pH v a lu e  on m y c e l i a l g row th  a t
25°C o f a l l  t h e i s o l a t e s was d e te r m in e d . The minimum pH
v a l u e  a t which Fusar ium spp . can grow l i e s b e tw een 1 . 5 - 4 . 0
and maximum 10 .5 - 1 2 . 0 . G e n e r a l l y  f u s a r i a a r e  n o t v e r y
s e n s i t i v e  t o  pH v a r i a t i o n s . Growth o c c u r r e d  w i t h i n a b r o a d
pH rang e and c o n f i r m s  t h e  r e s u l t s  o f  Webb and Sherwood, who
o b t a i n e d a s c a n t y  growth of F . l y c o p e r s i c i a t  pH 2 . 2 b u t  no
sp o re  g e r m i n a t i o n  a t  pH 1 . 8 . A l tho u gh  th e i s o l a t e s grew
o v e r  t h e e n t i r e r a n g e  t e s t e d , g row th  was g r e a t l y  r e d u c e d
above 6 - 8 o r  be low 4 . 0 . P i g m e n t a t i o n  a l s o o c c u r r e d w i t h i n
a b r o a d  pH range '. The maximum p igm en t  was p ro d u c e d i n  t h e
m a j o r i t y  o f  i s o l a t e s  w i t h i n t h e  pH ran g e  o f 3 . 5 - 8 . 5.
V .  •  J
2 2 b 2.15 1 . 0 1 . 1 + + + + + + + - + ( + ) (
2 3 1 .3 + + + + + + 2 . 1 + + 1 . 1 (+) (
2 4 2 .3 1 . 6 + + + + + + + + (
25 1 .3 + + + + + + + + + + (+) (
26a 2 .18 + + + + + + + + + + (
26b 2 . 0 0 . 8 + + + + + 1.5 + + + (+) (
27 1 .36 + + + + + + 1 . 6 + + + (+) c
2 8 1 .65 1 . 0 + + + + + 1 . 0 + + + (+) (
29 1 .15 0 .9 0 . 9 + + + + 1 . 6 + + 1 . 1 (+) (+) (
30 2 .5 1 . 1 + + + + + 1 . 2 + + + (+)
31 1 .2 6 0 . 8 + + + + + + + + +
32 2 .16 + + + + + + 3.2 + + +
33 1 .85 + 1 . 1 + + + + + + + +
34 2.3 + + + + + + + + + +
35a 1 .9 1 .05 + + + + + + + + + ( + ) (+)
35b 1.35 1 . 0 + + + + + + + + + (+)
36 2 .25 + 1. 1 + + + + + + + + (+)
37 1 .25 0 . 8 + + + + + + + + + (+) (+)
38 1 .5 + + + + + + 2 .5 + + + (+) ( + )
40 + + + + + + + 2 .5 + + +
41 3 .5 + + + + + + + + + +
42a 2 .2 3 1 .15 + + + + + 1 .5 + + 1 . 6 (+)
42b 2 .3 1 .15 1. 6 + + + + 1 .4 + + 1 .5 (+) (+)
42c 2.15 0 .9 5 + + + + + 1.1 + + + ( + ) (+)
43 1 .8 4 + + + + + + 1 .5 + + + (+)
2 0 1 1 .82 + + + + + + + + + + ( + ) (+)
207 1 .55 1 . 0 1. 1 + + + + 1 .4 + + + (+) (+)
2 1 0 1 .26 0 .9 + + + + + 1 . 2 + + + (+) ( + )
215 1 . 6 1 .1 5 1. 1 + + + + 1.3 + + + (+) (+)
H 1 . 8 1 .3 + 4* + + + +
Notes  : -
T e s t s  w i t h  a n t i b i o t i c s :  T o l e r a n t  +; S e n s i t i v e  = zone o f  i n h i b i t ]
S u b s t a n c e s  i n c o r p o r a t e d
i n t o  medium: No g row th  =
Growth =
( - )  ( s e n s i t i v e )  
(+) ( t o l e r a n t )
R e a c t i o n  n o t  c l e a r  = +
S e n s i t i v i t y  t o  a n t i b i o t i c s ,  f u n g i c i d e s  and dyes 
A n t i b i o t i c s  : -
A l l  t h e  a n t i b i o t i c s  e x c e p t  p e n i c i l l i n ,  s t r e p t o m y c i n ,  
c h lo r o a m p h e n i c a l ,  neomycin  and t e t r a c y c l i n e  were  i n h i b i t o r y  
t o  th e  m a j o r i t y  o f  i s o l a t e s .  There  were w e l l  d e f i n e d  zones  
o f  i n h i b i t i o n  a ro un d  th e  a n t i b i o t i c  d i s c s .  The zone o f  
i n h i b i t i o n  v a r i e d  w i t h  d i f f e r e n t  s p e c i e s  a c c o r d i n g  t o  t h e i r  
s e n s i t i v i t y  t o  t h e  a n t i b i o t i c s .  I t  i s  i n t e r e s t i n g  t o  n o t e  
t h a t  t h e  m a j o r i t y  o f  a n t i b i o t i c s  a r e  known as a n t i b a c t e r i a l  
r a t h e r  t h a n  a n t i f u n g a l  a g e n t s .
c i  de s  : -
A l l  t h e  t h r e e  f u n g i c i d e s  m ark ed ly  i n h i b i t e d  P .  p o a e ,
P. e q u i s e t i , F . c o e r u l e u m . P. n i v a l e  and some s t r a i n s  o f  
P. culmorum and H e lm in th o sp o r iu m , b u t  had  no e f f e c t  on 
P .  oxysporum, P .  d e c e m c e l l u l a r e , P .  avenaceum, P .  m o n i l i f o r m e , 
P . ch iamydosporum, P.  a r t h r o s p o r i o i d e s , P. s p o r o t r i c h i o i d e s ,
P . aquaeduc tuum , P. dimerum, P. s o l a n i , P. g ram in ea ru m ,
P . comp t o  ce ro s  and P. culmorum. The r e s t  o f  t h e  i s o l a t e s  
showed v a r i e d  r e a c t i o n  w i t h  a l l  t h e  t h r e e  f u n g i c i d e s .
Dyes : -
None o f  t h e  i s o l a t e s  were a b le  t o  grow i n  t h e  medium 
c o n t a i n i n g  m a l a c h i t e  g r e e n .  In  c r y s t a l  v i o l e t  t h e  growth  
o f  th e  m a j o r i t y  o f  i s o l a t e s  was r e s t r i c t e d  and n o t  no rm al  i n  
a p p e a r a n c e .  A few s p e c i e s  o f  t h e  gen us ,  i . e .  P .  l a t e r i t i u m , 
P .  e q u i s e t i , P .  culmorum, P .  s o l a n i , P . c o m p t o c e r a s , P . 
a r t h r o s p o r i o i d e s , P. avenaceum, P .  sambucinum and P . 
s p o r o t r i c h i o i des s t r o n g l y  d e c o l o u r i z e d  t h e  medium c o n t a i n i n g  
t h i s  dye ,  c o n f i r m in g  t h e  r e s u l t s  o f  Coon and S t r o n g  ( 1 9 2 8 ) .
TABLE 11 P a t h o g e n i c i t y  on c e r e a l s ,  j f r u i t s  and
Wheat
Kloka
cv . B a r ley  cv . 
P roctor
L in seed  cv . 
N ova lta
Oats
Maris
cv . Pea cv . 
Quest K e lly  wonder
Ô
•H
u•p
in
(/)•H(/)OPO0%
too
S•H4->
§4->CO
so•H•PccJ
S•H
n0CDo\o
(/)•H
oPo0%
touO
•H4->
§p>CO
Pio•H■Prt
Pi•H
g0CDo\o
(fi•H
tf)OPÜ0%
touO
Pi•H4->
§■pCO
Pio•H.Pcd
Pi•H
g0CDo\o
(/)•HC/5OPO0iz;
tooPi•H.p
§■PCO
Pio•H•PCÜ
Pi•H
g0CDONO
t/5•HC/5OPO0%
tooPi«H•P
1CO
Pi
•S :■p
g - .0CD0\0
1. 1 0 57.5 2 2 85 .7 1 0 50 1 0 71.4 2 2 36 .5
2. 1 0 85.7 0 0 100 1 0 42.8 1 0 85 .7 1 1 100
3. 2 1 64.2 2 2 64.2 1 2 21 .4 1 1 78.5 2 1 64 :
4. 1 0 100 0 0 100 1 0 42.8 1 0 71.4 * * *
5. 1 0 93 0 0 100 0 0 50 0 0 100 S 0 1 76.9
6. 0 0 100 1 0 100 0 0 57 .1 0 0 100 S 0 0 100
7. * * * 2 2 85 .7 2 0 50 1 0 64.2 * * *
8. 2 2 57.1 2 2 93 2 0 21.4 2 0 42 .8 * * * .
9. 2 1 93 2 1 93 2 2 14.2 2 0 78.5 * * *
10. 2 2 28.5 2 2 50 * * * 2 2 28.5 * * *
11. 2 2 35.7 2 2 64.2 1 2 14.2 2 1 64.2 * * *
12. * * * 2 1 71.4 1 0 35.7 2 0 78.5 * * * ' '
13. 2 2 42.8 2 2 71.4 * * * 2 0 78.5 * *
14. 2 2 57 .3 2 1 93 * * * 2 1 50 * * *
15. * * * 2 2 * 1 0 14.2 2 0 85 .7 * * *
16a 2 1 64.2 1 0 100 0 0 50 1 0 100 S 2 2 8 .3
16b 2 1 35.7 0 0 100 0 0 28.5 1 0 93 S 2 2 33.3
16c 0 1 78.5 0 0 100 0 0 28.5 1 1 57 .1 * * * •
17. 0 0 100 0 0 100 * * * 1 0 57 .1 2 0 75 , /
18. 0 0 100 0 0 85 .7 1 0 28.5 1 1 100 0 0 100 '
19. 2 1 50 1 0 100 1 1 57 .1 1 0 93 0 0 100
20. 2 1 55.5 2 0 100 2 2 14.2 1 0 93 * * *
21. 1 1 50 1 0 85.7 2 2 28.5 0 0 100 S 1 0 8 3 .3  X
22a 0 0 71.4 2 0 85 .7 * * * 2 0 85 .7 * * *
22b 2 1 55.5 2 0 100 2 2 50 1 0 64.2 * * *
23. 0 0 93 1 0 100 0 0 42.8 0 0 57 .1 0 0 83 .3  .
24. 2 2 28.5 2 2 85.7 * * * 0 0 78.5 * * * '
Maize
Minor
cv.
Pio
•H■p
c/5 too ccJ
•H Pi Pi
C/5 •HO ■P g
P Pi pU : 2 0
0 +J CDiz; CO o\o
0 2 80
0 1 83
1 ; 1 80
1 2 75
Q 1 80
0 1 1 0 0
1 0 78.!
0 0 1 0 0
K r  2 78.!
2 2 1 0
1 0 93
2 : 0 1 0 0
1 0 1 0 0
2 1 1 0 0
2 1 1 0 0
0 0 1 0 0
0 0 1 0 0
-i;:' 0 1 0 0
0 0 1 0 0
b 0 1 0 0
0 0 93
0 0 93
0 0 1 0 0
0 0 1 0 0
0 0 1 0 0
b 0 1 0 0
2 1 78.5
TABLE Ccont Vd)
Wheat
Kloka
c v .  s B a r l e y  cv .  
P r o c t o r
L inseed
N o v a l ta
cv . Oa ts
Maris
cv .  : 
Quest
Pea  cv.  
K e l l y  wonde
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0
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25. 1 0 93 1 0 1 0 0 0 0 71.4 0 0 93 . ‘ ; 1 0 1 0 0
26a 1 0 8 5 . 7 0 0 1 0 0 2 0 50 1 0 50 . . 0 0 1 0 0
26b 1 0 64.2 1 0 93 0 0 3 5 . 7 1 0 85 .7 * * *
27. 1 0 1 0 0 1 0 1 0 0 1 1 28.5 0 0 9  3  ; \  - 2 0 1 0 0
2 8 . 2 0 55 .5 0 0 1 0 0 2 0 5 7 .1 0 0 71.4  ■; 2 2 1 0 0
29. 0 0 1 0 0 0 0 1 0 0 1 0 28.5 1 0 71.4 0 0 1 0 0
3 0 . 2 2 3 5 . 7 1 0 1 0 0 1 1 3 5 . 7 1 0 78.5 2 :X:2 16.
31. 0 0 93 1 0 1 0 0 1 0 3 5 . 7 0 0 1 0 0  • 2 0 1 0 0
3 2 . 1 0 8 5 . 7 1 0 1 0 0 0 0 35 .7 0 0 6 4 . 2 )  . 0 0 91
33. 2 0 71.4 0 0 1 0 0 0 1 64.2 0 0 85 .7  V * * *
34. 1 1 1 0 0 0 0 1 0 0 0 0 8 5 . 7 1 0 71.4 0 0 1 0 0
35a 1 0 93 1 0 1 0 0 1 0 28.5 0 0 93 S, * * *
35b 1 0 93 0 0 1 0 0 2 2 50 0 0 93 S U : * ,  * *
36. * * * 2 2 * * * * 2 2 50 ' * . * *
37. 1 0 6,4.2 1 0 1 0 0 0 0 14.2 0 0 7 1 . 4 . _ 0 0 1 0 0
3 8 . 0 0 64.2 1 1 1 0 0 1 1 3 5 . 7 1 0 85 .7 2 2 25
40. 1 0 93 0 0 1 0 0 0 0 71.4 1 1 3 5 . 7  : 0 0 1 0 0
41. 1 0 1 0 0 1 0 1 0 0 1 1 64.2 1 0 93 ■ 0 0 1 0 0
42a 2 2 50 2 1 1 0 0 2 0 50 0 6 4 . 2 )  ) * *
42b 2 1 71.4 1 0 1 0 0 0 0 5,7.1 1 0 78.5 2 2 6 6 .
42 c 2 2 35 .7 2 1 1 0 0 2 1 4 2 . 8 1 0 71.4 2 2 6 6 .
43. 1 0 8 5 .7 0 0 1 0 0 2 0 71 .4 1 0 64.2  ; 1 1 1 0 0
2 0 1 1 0 93 1 0 1 0 0 * * * 0 78.5 2 2 57.
207 1 0 64 .2 0 0 1 0 0 2 2 14.2 1 0 78.5 , ’ 2 2 57.
2 1 0 1 0 78.5 0 0 1 0 0 2 2 2 1 .4 1 0 71 .4  ; * * *
215 1 0 55 .5 0 0 1 0 0 1 0 42 .8 1 1 6 4 . 2 2 2 50
H. 1 0 42.8 1 1 1 0 0 * * * 1 1 59 .9 2 2 60
C o n t r o l 0 0 1 0 0 0 0 1 0 0 0 0 85 .7 1 0 71.4  ^ 1 2 6 2 .
TABLE I t  
Notes  :
1. P a t h o g e n i c i t y  on c e r e a l s  & s e e d s
(a)  N e c r o s i s
0  = no n e c r o s i s
1 = m o dera te  n e c r o s i s
2 = s e v e r e  n e c r o s i s
(b) S t u n t i n g
0  = no s t u n t i n g
1 = m o d e ra te  s t u n t i n g
2 = s e v e r e  s t u n t i n g
(c)  G e rm in a t io n
* = no g e r m i n a t i o n  ( p a t h o g e n ic )
S = s t i m u l a t o r y  e f f e c t  ( s h o o t  and r o o t  l o n g e r  t h a n
c o n t r o l )
2. P a t h o g e n i c i t y  on f r u i t  and v e g e t a b l e s
-  = no l e s i o n  o r  n o t  p a t h o g e n i c
+ = l e s i o n  n o t  so p r o m in e n t ,  m o d e r a t e l y  p a t h o g e n i c
+ = l e s i o n  p r o m in e n t ,  p a t h o g e n i c
( d i a m e t e r  o f  l e s i o n  i n  cm)
3. P a t h o g e n i c i t y  on Dwarf bean  h y p o c o ty l s
- = no l e s i o n
+ = l e s i o n  n o t  so p ro m in e n t
+ = l e s i o n  p ro m in e n t
•  *  w." » f  ' ^1^ * *» « ^  .ju  w  J  y x  ' \*4»«k .&. ^ A X  mJL ^L  C l ' ^  \ x  W  ^3»«3
t e s t e d  on s e e d s  o f  w h e a t ,  b a r l e y ,  l i n s e e d ,  o a t s ,  t o m a t o e s ,  
maize  and p e a ,  u s i n g  t h e  a g a r  g e r m i n a t i o n  method.
The m a j o r i t y  o f  t h e  i s o l a t e s  were  p a t h o g e n i c  t o  l i n s e e d ,  
to m a toes  and p e a s .  In  g e n e r a l  t h e  fungus  r e d u c e d  t h e  
p e r c e n t a g e  g e r m i n a t i o n  o f  t h e  s e e d s  t e s t e d .  I t  had  a 
g r e a t e r  e f f e c t  on r o o t  growth  t h a n  on p e r c e n t a g e  g e r m i n a t i o n ,  
a l t h o u g h  t h e  d i f f e r e n t  s p e c i e s  d i f f e r e d  i n  t h e i r  s e n s i t i v i t y .
When l e s i o n s  were  p ro d u c e d  on s e e d l i n g s ,  t h e  growth o f  sh o o t  
and r o o t  was g e n e r a l l y  r e t a r d e d  by com par ison  w i t h  u n i n o c u l a t e d  
c o n t r o l s .
The f o l l o w i n g  F u sarium s p e c i e s  : F. c o e r u l e u m ,
F. l a t e r i t i u m , F. e q u i s e t i , F. ch lamydosporum, F. s p o r o t r i d i a i d e s , 
F. aquaeduc tuum , F. sambucinum, F. m e r i s m o i d e s , F . d imerum,
F. s t i l b o i d e s , F. x y l a r i o i d e s , F. h e t e r o s p o r u m , F. p o a e ,
F. n i v a l e , F. s o l a n i , F. s e m i t e c t u m , F . c a m p to c e r o s , F. l a r v a r u m , 
F . b u x i c o l a , F. oxysporum f .  p i s i  r a c e  1 and r a c e  2, were  n o t  
p a t h o g e n i c  t o  w h e a t ,  b a r l e y  o r  o a t s ,  b u t  were  p a t h o g e n i c  t o  
l i n s e e d ,  p e a  and t o m a to e s .  On w h e a t ,  b a r l e y ,  o a t s ,  l i n s e e d  
and p e a s ,  F. g ram inea rum , F. avenaceum, F. culmorum,
F. a r t h r o s p o r i o i d e s , F. oxysporum and F. tumidum were  h i g h l y  
v i r u l e n t .  The r e m a in in g  i s o l a t e s ,  F . d e c e m c e l l u l a r e  and 
a l l  t h e  t h r e e  i s o l a t e s  o f  F . oxysporum f .  p i s i  r a c e  1 and 
r a c e  2 were  m o d e r a t e l y  p a t h o g e n i c .  In  some c a s e s  t h e r e  was a 
com ple te  i n h i b i t i o n  o f  s e e d  g e r m i n a t i o n .  I t  a p p e a r s  t h a t  
some i s o l a t e s  p ro d u ce  t o x i c  s u b s t a n c e s  which i n h i b i t  o r  
d e c r e a s e  s e e d  g e r m i n a t i o n .  None o f  t h e  i s o l a t e s  were  
p a t h o g e n i c  on m aize  e x c e p t  F. avenaceum (No. 1 0 ) .
I I  The p l u g  method was u se d  t o  t e s t  t h e  p a t h o g e n i c i t y  o f  a l l  t h e  
i s o l a t e s  on a p p l e s ,  p o t a t o e s  and to m a to e s  ( f r u i t s ) .  Most
i s o l a t e s  p ro d u ce d  r o t t i n g  on t h e s e  t h r e e  h o s t s  w i t h i n  t h e  
i n c u b a t i o n  p e r i o d  o f  one week. The l e s i o n s  p ro d u c e d  were  
u s u a l l y  brown i n  c o lo u r  w i t h  spongy o r  l o o s e  t i s s u e s .  The 
f u n g i  p ro d u c e d  s o f t  r o t  i n  a p p le s  and to m a to es  and d ry  r o t  
i n  p o t a t o e s .
Apples  : -  Not o n ly  F. avenaceum , F. culmorum and F. s o l a n i , 
b u t  a l s o  F. a r t h r o s p o r i o i d e s , F . p o a e , F. oxysporum ,
F. m e r i s m o i d e s , F. e q u i s e t i , F. s t i l b o i d e s , F. d e c e m c e l l u l a r e .
F. moni 11 forme (No.l6b) , F. l a t e r i t i u m  and F. b u x i c o l a  were 
p a t h o g e n i c ,  p r o d u c i n g  s o f t  r o t .
P o t a t o e s  : -  E x cep t  f o r  p i o n n o t a l  fo rm s ,  m ost  o f  t h e  s p e c i e s  
were a b l e  t o  i n f e c t  p o t a t o e s ,  p r o d u c in g  d ry  r o t .  B e s id e s  
o t h e r  r e c o g n i s e d  p a t h o g e n s ,  F. m o n i l i f o r m e  was a l s o  found  t o  
be p a t h o g e n i c  on t h i s  h o s t .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  
F. a r t h r o s p o r i o i d e s  p ro d u c e d  s p o r o d o c h i a  on i n o c u l a t e d  
p o t a t o e s .
Tomatoes : - A l l  t h e  i s o l a t e s  were  p a t h o g e n i c  on to m a to e s  
e x c e p t  f o r  F. e q u i s e t i , F. aquaeduc tuum , F . m e r i s m o i d e s ,
F. d im erum .  F. s t i l b o i d e s , F . x y l a r i o i d e s , F. n i v a l e ,
F. s e m i t e c t u m , F. c o m p to c e r o s , F. l a rv a ru m  and F. b u x i c o l a .
In  g e n e r a l  i t  a p p e a r s  t h a t  most  p i o n n o t a l  forms a r e  n o t
p a t h o g e n i c ,  o r  l e s s  p a t h o g e n i c  t h a n  forms w i t h  s p o r o d o c h i a
o r  a e r i a l  mycelium; t h i s  c o n f i rm s  t h e  f i n d i n g s  o f  e a r l i e r  
work (Brown, 1928) .
I l l  Dwarf b ean  h y p o c o ty l  t e s t
N e a r ly  h a l f  o f  t h e  i s o l a t e s  were  n o t  p a t h o g e n i c  by t h i s  
method.  The p a t h o g e n i c  i s o l a t e s  p ro d u c e d  brown l e s i o n s  
u n d e r  t h e  d r o p l e t s  ( F i g .  % ) .  W ollenweber  (1915) o b t a i n e d
t h e  l a r g e s t  number o f  c o t t o n  and to m a to  w i l t  i n f e c t i o n s  by 
t h i s  method.
(a;
(b)
i
F i g .  2. Dwarf bean  h y p o c o ty l  t e s t  ( see  page S’S" )
(a) C o n t ro l
(b) L es io n  p ro d u ce d  by th e  t e s t  o rgan ism
2 1 . - Ag a a a A a - - a a - - a - a
2 2 a - AG a A a a a - - a a - - a - a
2 2 b - A a A a A a - - - a - - a - a
23. - a - A A a
24. - A a a AG a a - - A a - - A - a
25. - A - a a a a - - - a a - a - a
26a - AG a A A - - - - - - - - a - -
26b - AG a AG A A a - - - a A - - - A
27. - a - A a - - - - - A - - A - -
28. - Ag a A Ag A a - - A a A - A - A
29. - A - A AG A - - - - a A - a - a
30. - A a a a a - - - a a - - a - -
31. - a - A a - a a
32. - A a A AG - a i - a
33. - A - a a’
34.
35a - Ag A A Ag A - - - A, - A - A - A
35b - A - a Ag A - - - a - A - A - ' A
36. - Ag a A Ag a - - - a - - - a - a
37. - AG A A AG - A - - a A - - A - A
38. - Ag - a AG - - - - A - - - A - -
40. - — a„ . - . ..........^ -  — .........
41. - a a A A - A - - - a - - - - -
42a - Ag a a AG Ag a - - A a - - a - A
42b - AG a a AG a A - - A - a - a - A
42c - a a a AG a a - - A a a - a - A
43. - A a a A - a - - - a a - a - a
2 0 1 - A A AG A Ag A - - A A a - A - A
207 - A A a A a - - - A A a - A - -
2 1 0 - A A A A A a - - A A A - A - A
215 - A A A A A - - - A A a - A - a
H. - - â - - - - - - - - - - - -
Notes  : -
- = no a c i d ,  no gas
â = r e a c t i o n  n o t  c l e a r
a = w eak ly  a c i d i c
A = a c i d  w i t h o u t  gas p r o d u c t i o n
Ag = a c i d  and gas p r o d u c t i o n  w i t h i n  2 days ( t r a c e )
AG = a c i d  and gas p r o d u c t i o n  a f t e r  2 d a y s ,  w i t h  c o n s i d e r a b l e  amount o f
A c t io n  on C a r b o h y d ra te s  and r e l a t e d  s u b s t a n c e s
A l l  t h e  s t r a i n s  e x c e p t  F. dimerum, F. h i v a l e  and 
F . l a rv a ru m  p ro d u c e d  a c i d  and gas from s u c r o s e ,  g l u c o s e  and 
mannose.  Out o f  54 s t r a i n s ,  12-13 showed no a c t i o n  on s a l i c i n ,  
m a l t o s e ,  c e l l o b i o s e ,  x y l o s e  and m e l i b i o s e .  The m a j o r i t y  o f  
t h e  s t r a i n s  p ro d u c e d  a c i d  from r a f f i n o s e ,  t r e h a l o s e ,  d e x t r i n ,  
am y g da l in ,  f r u c t o s e  and D - g a l a c t o s e .  None o f  t h e  s t r a i n s  had  
any a c t i o n  on l a c t o s e ,  L - a r a b i o n o s e ,  D - r i b o s e ,  L - s o r b o s e ,  
i n u l i n ,  a d o n i t o l ,  m a n n i t o l ,  d u l c i t o l ,  e r y t h i t o l ,  m e s o - i n o s i t o l  
o r  g ly c o g e n .
Goddard (1934) a l s o  n o t e d  t h a t  T r i c h o p h y to n  i n t e r d i g i t a l e  
a s s i m i l a t e d  g a l a c t o s e  b u t  Microsporum c a n i s  d i d  n o t ;  n e i t h e r  
o f  t h e s e  f u n g i  a s s i m i l a t e d  l a c t o s e .  Koehne (1962) n o t e d  t h a t  
Microsporum c o o k e i , M. d i s , to r tum  and M. nanum d i f f e r e d  i n  t h e i r  
a b i l i t y  t o  u t i l i z e  e r y t h i t o l  and d u l c i t o l .
Mackinnon and h i s  c o l l e a g u e s  w i t h  S e g r e t a i n  found  t h a t  a 
f a i r  d e g re e  o f  s e p a r a t i o n  o f  m y ce to m a -ca u s in g  o rg an ism s  can  be  
a c h i e v e d  on th e  b a s i s  o f  t h e i r  a b i l i t y  t o  a s s i m i l a t e  m a l t o s e ,  
s u c r o s e  and l a c t o s e .  S i m i l a r  d i f f e r e n c e s  have  a l s o  been  
o b s e r v e d  w i t h  some p a t h o g e n i c  s p e c i e s  o f  N o c a r d ia  and 
S t re p to m y c e s  (Gordon and Mihm, 195 7, 1959, 1 9 6 2 a ,b ;  M a r i a t ,  
1957, 1958,  1963) .
Beech e t  a l .  (1968) d i f f e r e n t i a t e d  d i f f e r e n t  s p e c i e s  o f  
Sporobdom yces , C r y p t o c o c c u s , T o r u l o p s i s , C a n d id a , R h o d o t o r u l a , 
Saccharomyces and H a n se n u la  by t h e i r  a b i l i t y  t o  a s s i m i l a t e  
g l u c o s e ,  g a l a c t o s e ,  m a l t o s e ,  s u c r o s e ,  r a f f i n o s e ,  m e l i b i o s e  
and l a c t o s e .
21 + F ++ F F F ++ ++ ++ F* + + F + +
22a ++ F ++ F F F ++ F + + + + *0* F + +
2 2b + + »0» ++ F F F + + F ++ ++ » 0 » F ++
23 + + *0* ++ F F* F» + + + + + ++ ++ F* ++
24 + F ++ F F F + + ++ ++ F + + F ++
25 + F ++ F F F ++ F* ++ F *0* F ++
26a + + F ++ F '()* F * F* + + + + ++ ++ ++
26b + + *0' + + F F »o* + + F ++ F + + F ++
27 + + + + + + F F F ++ *0* + + + + + + F + +
28 ++ F + + F F F ++ F *0» F • F F + +
29 + F» + + F F F ++ F ++ F* F *0* + +
30 ++ F ++ F F F + + F» ++ F + + F ++
31 + F ++ F F F F* ++ ’0 ’ ++ 0^» F + +
32 ++ *0» + + F F *0» ++ ++ ++ F» »o* F ++
33 + + '0* ++ F F + + + + ++ ++ ++ ++ F + +
34 ++ ++ + + F* ++ + + ++ + + + + + + + *0* ++
35a ++ F ++ F F . F + + F* ++ + + F F + +
35b + F + + F F F *0* F» + + + + F F + +
36 + F» + + F F F* ++ + + + + F* '0* F + +
37 ++ F ++ F F F ++ F* ++ ++ 10» F ++
38 + + F* ++ F F F* ++ + + + + *0* ++ F ++
40 + ++ ++ F '0* ++ ++ + + + + + ++ ++ ++
41 + ++ ++ F '0* F* + + ++ + + + + + F* + +
42a + + F + + F F F ++ F* + + + + + + F ++
42b + F ++ F F F + + F + + ++ v o ’ F ++
42c ++ F + + F F F ++ F* + + F* ++ F + +
43 + + + + + F F F* F* F' + + F ' F F» ++
201 + F' + + F F F ++ F' F '()» F + +
207 + + + + F F F ++ F ++ + F F ++
210 ++ F + + F F F ++ F + + F* »0» F + +
215 + F* ++ F F F ++ + + + + + ++ ++ ++
H + ++ ++ ++ F ++ + + ++ + + + + F» F* ++
Notes  : -
+ +
F
F*
*0'
Growth w i t h  t h e  deve lopm en t  o f  b l u e  c o l o u r  i n  u n s e a l e d  t u b e ,  b t  
c o l o u r  i n  a s e a l e d  one .
Growth w i t h  no change i n  c o l o u r  i n  u n s e a l e d  and s e a l e d  t u b e s .
F e r m e n t a t i v e ,  p r o d u c i n g  a c i d  i n  s e a l e d  and u n s e a l e d  t u b e s .
F e r m e n t a t i v e ,  p r o d u c i n g  a c i d  o n ly  i n  s e a l e d  t u b e ;  u n s e a l e d  tub 
change i n  c o l o u r .
O x i d a t i v e ,  p r o d u c i n g  a c i d  o n ly  i n  u n s e a l e d  t u b e ;  s e a l e d  tu b e  s 
i n  c o l o u r .
Q-F T e s t : -
The a b i l i t y  o f  a l l  t h e  54 i s o l a t e s  t o  p ro d u ce  a c i d  
a e r o b i c a l l y  ( o x i d a t i o n )  and a n a e r o b i c a l l y  ( F e r m e n t a t i o n )  
was t e s t e d  w i t h  18 d i f f e r e n t  c a r b o h y d r a t e s  and r e l a t e d  
s u b s t a n c e s  i n  Hugh and L e i f s o n ' s  medium (Hugh & L e i f s o n ,  1 95 3 ) .
The m a j o r i t y  o f  th e  54 i s o l a t e s  p ro d u ce d  a c i d  i n  b o th  
s e a l e d  and u n s e a l e d  tu b e s  from g l u c o s e ,  s u c r o s e ,  D+ x y l o s e ,  
c e l l o b i o s e ,  D+ mannose, r a f f i n o s e  h y d r a t e ,  m e l i b i o s e ,  m a l to s e  
and i n u l i n .
In  f r u c t o s e  and D - g a l a c t o s e ,  t h e  r e a c t i o n  was v a r i a b l e ;  
some i s o l a t e s  showed a c i d  p r o d u c t i o n  i n  b o t h  t u b e s ,  few were 
o x i d a t i v e  and n e a r l y  h a l f  o f  them showed no a c t i o n  on th e  
c a r b o h y d r a t e s .
With t h e  e x c e p t i o n  o f  a few i s o l a t e s  showing a c i d  
p r o d u c t i o n  a e r o b i c a l l y  and a n a e r o b i c a l l y  i n  l a c t o s e ,  s o r b o s e  
and m a n n i t o l ,  none o f  t h e  i s o l a t e s  were a b le  t o  p r o d u c e  a c i d  
( a e r o b i c a l l y  o r  a n a e r o b i c a l l y )  i n  m e s o - i n o s i t o l ,  rham nose ,  - 
g l y c e r o l  and s o r b i t o l .
Beech e t  a l .  (1968) a l s o  s t u d i e d  a c i d  p r o d u c t i o n  
( a n a e r o b i c a l l y )  i n  g lu c o s e  and g a l a c t o s e  by d i f f e r e n t  g e n e r a  
o f  y e a s t s ,  i . e .  S porobo lom yces , B u i1 e r a . C r y p t o c o c c u s , 
T o r u l o p s i s ,  C and ida ,  R h o d o to r u la ,  Saccharomyces and H a n s e n u la .
2 0 . + + ( 1 ) + + + + - - - + + + + 0 . 4 - +
2 1 . + + ( 1 ) + + + + + + - + + + + 1 . 0 - +
2 2 a + + ( 1 ) + + + + + - - + + + + - + +
2 2 b + + ( 1 ) + + + + + + - + + + + - - +
2 3 . + + ( 1 ) + + + - + - - - + + - - - +
2 4 . + + ( 2 ) + + + + + + - + + + + - + +
2 5 . + + ( 1 ) + + + + - - - + + + + - - +
2 6 a - + ( 1 ) + - + - 4. + 4. + 4» + - - - s
2 6 b + + ( 1 ) + + + - + + - + + + + - + +
2 7 . + + ( 1 ) + + + + + - - + + + + - - +
2 8 . + + ( 2 ) + + + + + - - + + + + - - -
2 9 . + + ( 1 ) + - + + + - - + + + + - - -
3 0 . + + ( 1 ) + + + + + + - + + + + 1 . 0 - +
3 1 . - + - + - + - + - - + + + + + + -
3 2 . + + ( 2 ) + + + + + + - + - + + 1 . 0 + +
3 3 . + + ( 1 ) + + + + + - - + + + + - - +
3 4 . + + ( 2 ) + - + + - + - + - + - - + -
3 5 a + + C D + + + + + - - + + + + - + +
3 5 b + + C D + + + + + - - + + + + 0 . 4 + +
3 6 . + + C D + + + + - + - + + + + 1 . 0 - +
3 7 . + + C D + + + + + - - + + + + 0 . 3 + +
3 8 . + + C D + + + + + - - + + + + 0 . 3 - +
4 0 . + + - + - + - - - - + — . + - — - —
4 1 . + + C2 ) + - + + + - - + - + - - - -
4 2 a + + C D + + + + - - - + + + + 0 . 4 - +
4 2 b + + C D + + + + - - - + + + + 0 . 4 - +
4 2 c + + C D + + + + - - - - + + + 1 . 0 - +
4 3 . + + C D + + + + - - - + + + + - + +
2 0 1 + + CD + - + - + - - + - + - 0 . 2 - +
2 0 7 + + C2 ) + - + - + - - + - + - 0 . 2 + +
2 1 0 + + CD + + + + + + - + + + + 0 . 4 - +
2 1 5 - + CD + + + - + + - + + + - 0 . 2 - +
H. + + - + + - 0 . 2 - +
Notes  : -
+ = p o s i t i v e
- = n e g a t i v e
( 1 ) = u r e a s e  p o s i t i v e  w i t h i n  two days
(2) = u r e a s e  p o s i t i v e  w i t h i n  4-7 days
+ = r e a c t i o n  n o t  c l e a r
R a t i o  ^  = £o 
(c
where d l  = d: 
and d 2 = d:
n y a r o i y s i s  o t  s t a r c n : -  A l l  t n e  i s o l a t e s  showed h y d r o l y s i s  of  
s t a r c h  when t e s t e d  e x c e p t  F. m er i sm o id es  (No. 2 6 a ) ,  F .xylarioides 
and F. oxysporum £.  p i s i  r a c e  1 (No. 2 1 5 ) ,  which were  n e g a t i v e ,  
and F. culmorum, F.  c o e r u l e u m , F.  h e t e r o s p o r u m , F. n i v a l e  and 
F . l a r v a r u m , i n  which  th e  r e a c t i o n  was n o t  c l e a r .
C a t a l a s e : - A l l  i s o l a t e s  showed p o s i t i v e  r e a c t i o n .
U rease  : -  The p r o d u c t i o n  o f  t h i s  enzyme was t e s t e d  on 
C h r i s t e n s e n ' s  u r e a  medium. A l l  t h e  i s o l a t e s  p ro d u c e d  u r e a s e  
e x c e p t  F . poae and F . x y l a r i o i d e s , F . l a rv a ru m  and H e lm in th o -  
s p o r i u m . The m a j o r i t y  o f  i s o l a t e s  showed p o s i t i v e  r e a c t i o n s  
w i t h i n  two d a y s .  U rease  p r o d u c t i o n  seems t o  be a u s e f u l  way 
o f  d i s t i n g u i s h i n g  some o f  t h e  d e rm a to p h y te s  such  as T r ic h o p h y to n  
rub rum and T. g a l l i n a e  from T. m e g n i n i i  and T. m e t a g r o p h y t e s , 
as w e l l  as T. t o n s u r a n s  from T. soud an en se  ( P h i l p o t  e t  a l . ,  1967) 
Some s p e c i e s  o f  N o c a r d i a  and S t re p to m y ce s  a l s o  show re m a r k a b le  
d i f f e r e n c e s  i n  u r e a s e  p r o d u c t i o n  ( M a r i a t ,  1957, 1958,  1963;
Cordon and Mihm, 195 7, 1959 , 1962) .
Oxidase  : - The o x id a s e  p a p e r  method was u s e d .  A l l  54 i s o l a t e s  
were  o x id a s e  p o s i t i v e .
Ammonia i n  P ep to ne  w a t e r : -  Ammonia p r o d u c t i o n  was t e s t e d  from 
p e p to n e  w a t e r  by a d d in g  N e s s l e r ' s  r e a g e n t  t o  o n e -w e e k -o ld  
c u l t u r e s .  A l l  b u t  t e n  o f  t h e  i s o l a t e s  p ro d u c e d  ammonia from 
p ep to n e  w a t e r .
Crowth i n  KCN: - A l l  i s o l a t e s  e x c e p t  F. poae showed good 
growth  i n  KCN b r o t h .
U t i l i z a t i o n  o f  M a l o n a t e : -  Only 17 i s o l a t e s  were u n a b le  t o  
u t i l i z e  m a lo n a t e .
U t i l i z a t i o n  o f  C i t r a t e : -  F o u r t e e n  o f  t h e  54 i s o l a t e s  were  n o t  
a b le  t o  u t i l i z e  c i t r a t e .
O x id a t io n  o f  C l u c o n a t e : -  Only 14 i s o l a t e s  were a b l e  t o  o x i d i s e  
g l u c o n a te  and t h e  r e s t  showed n e g a t i v e  r e a c t i o n s .  Most o f  t h e  
i s o l a t e s  which  were u n a b le  t o  u t i l i z e  m a lo n a te  were  a l s o  u n a b l e  
t o  o x i d i s e  g l u c o n a t e .
C h i t i n a s e : -  None o f  th e  i s o l a t e s  p ro d u c e d  v i s i b l e  breakdown 
o f  c h i t i n .
H y d r o l y s i s  o f  A e s c u l i n : -  A l l  t h e  i s o l a t e s  were  a b l e  t o  
h y d r o l y s e  a e s c u l i n  e x c e p t  F.  aquaeduc tuum , F. culmorum and 
H e lm in th o s p o r iu m .
Growth i n  6.5% N aC l: -  A l l  i s o l a t e s  showed good growth  w i t h  
th e  e x c e p t i o n  o f  t e n  i s o l a t e s .
S c o t t  (1956) has  shown t h a t  some o s m o p h i l i c  y e a s t s  a r e  
d i s t i n g u i s h e d  by t h e i r  a b i l i t y  t o  grow i n  h i g h l y  c o n c e n t r a t e d  
s u g a r  s o l u t i o n  and o c c a s i o n a l l y  t h e y  w i l l  t o l e r a t e  a r e l a t i v e l y  
c o n c e n t r a t e d  s o l u t i o n  o f  NaCl a l s o .
P h o s p h a ta s e  : - A l l  i s o l a t e s  showed a p o s i t i v e  r e a c t i o n  e x c e p t  
F. c o e r u l e u m , where t h e  r e a c t i o n  was n o t  c l e a r .
H y d r o l y s i s  o f  Na H i p p u r a t e : -  The m a j o r i t y  o f  i s o l a t e s  showed 
p o s i t i v e  r e a c t i o n s ,  b u t  9 i s o l a t e s  were  n e g a t i v e .
Litmus m i l k : -  Out o f  t h e  54 i s o l a t e s ,  35 showed a p o s i t i v e  
r e a c t i o n .  Mackinnon (1951a ,  1954) and S e g r e t a i n  and S e g r e t a i n  
(1960) t e s t e d  t h e  p r o t e o l y t i c  a c t i v i t y  o f  a group o f  f i l a m e n t o u s  
f u n g i  r e s p o n s i b l e  f o r  c a u s i n g  maduromycetoma and a e r o i c  
a c t i n o m y c e t e s . I t  was found t h a t  s p e c i e s  o f  M a d u r e l l a  were 
a b le  t o  h y d r o l y s e  m i lk  as compared t o  Candida  f a l c i f o r m e , which  
showed a n e g a t i v e  r e s u l t .
N i t r a t e  r e d u c t i o n : -  Only 25 i s o l a t e s  were a b l e  t o  r e d u c e  
n i t r a t e  t o  n i t r i t e ,  t h e  r e m a in d e r  g i v i n g  a n e g a t i v e  r e a c t i o n .
N i t r i t e  r e d u c t i o n : -  The o n ly  i s o l a t e s  a b l e  t o  r e d u c e  n i t r i t e  
were F. h e te r o s p o r u m  and F. s o l a n i . N i t r i t e s  a r e  u s u a l l y  
c o n s i d e r e d  t o  be t o x i c  t o  f u n g i  (Hawker, 1950) .
H y d r o l y s i s  o f  A r g i n i n e : -  With t h e  e x c e p t i o n  o f  13 ,  a l l  
i s o l a t e s  were  a b l e  t o  h y d r o l y s e  a r g i n i n e .
C a s e i n : - Only 23 i s o l a t e s  o u t  o f  t h e  54 showed a p o s i t i v e  
r e a c t i o n .  The m a j o r i t y  o f  t h e  i s o l a t e s  which  were  n e g a t i v e  i n  
t h e  l i t m u s  m i lk  t e s t  were a l s o  n e g a t i v e  i n  t h i s  t e s t .  ( F i g . 5 )
/( b )
F i g .  3 .  Growth on c a s e i n  m i lk  a g a r  medium ( se e  page 106 )
(a) P o s i t i v e  (Growth and c l e a r i n g  o f  t h e  medium)
(b) N e g a t iv e  (Growth; no c l e a r i n g  o f  t h e  medium)
T y r o s in e  ; - With t h e  e x c e p t i o n  o f  F. s t i l b o i d e s , F. c o e r u l e u m ,
F. n i v a l e  and F. b u x i c o l a , a l l  i s o l a t e s  showed a p o s i t i v e  
r e a c t i o n .  ( F i g .  .
G e l a t i n  ; -  G e l a t i n a s e  p r o d u c t i o n  was d e t e c t e d  by  u s i n g  F r a z i e r ' s  
(1926) m ethod .  Out o f  54 i s o l a t e s ,  39 showed a p o s i t i v e  
r e a c t i o n .
Some o b s e r v a t i o n s  have  b e en  made o f  t h e  a b i l i t y  o f  
c e r t a i n  d e rm a to p h y te s  t o  h y d r o l y s e  c a s e i n ,  t y r o s i n e  and 
g e l a t i n  ( P h i l p o t ,  1967; R o s e n th a l  & S o k o ls k y ,  1 9 6 5 ) .  These  
t e s t s  have  a l s o  been  u se d  i n  human p a t h o l o g y ,  on s p e c i e s  o f  
N o c a r d ia  and S t re p to m y ce s  by many w o r k e r s ,  n o t a b l y  Gordon and 
Mihm (19 6 2 a ,b )  and M a r i a t  (1953 ,  1958, 1963) .
Hearn  e t  a l .  (1968) t e s t e d  800 y e a s t  i s o l a t e s  r e p r e s e n t i n g  
70 s p e c i e s  f o r  e x t r a c e l l u l a r  c a s e i n o l y s i s .  A u r e o b a s id iu m , 
E ndom ycops is , K lu yv e rom y ces , S porobo lom yce tes  showed p r o t e o l y t i c  
a c t i v i t y .  C a s e i n o l y s i s  was n o t  n e c e s s a r i l y  c o r r e l a t e d  w i t h  
g e l a t i n  l i q u e f a c t i o n .
Kundu e t  a l .  (1968) a l s o  s t u d i e d  t h e  e x t r a c e l l u l a r  
p r o t e i n a s e s  o f  A s p e r g i l l u s  o r y z a e .
o
(a;
F i g .  L\. Growth on t y r o s i n e  a g a r  medium ( se e  p a g e l o # )
(a) P o s i t i v e  (Growth and c l e a r i n g  o f  t h e  medium)
(b) N e g a t iv e  (Growth; no c l e a r i n g  o f  t h e  medium)
D e c a rb o x y la se O rg a n ic  a c i d s  C s o u r c e
as G lucose  60%
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1 . - + + + 1 .5
2 . + - - - - + + l.'O
3. - - + - - + 0 .5
4. + - + - - + + 2 . 0
5. + - - - + + 0 .9
6 . + - - - + + -
7. + - - - - + + 2 .5
8 . + - - - - + + 3 . 5
9. - - + - - + + 2 . 2
1 0 . - - + - + + -
1 1 . + - + - - + + 4 .3
1 2 . + - + - - + + 3 .7
13. + - - - + + 2 . 0
14. + - - - - + + 2 .5
15. + - - - - + + 0 . 6
16a - - + - - + + 2 . 6
16b - - + - - + 1 .5
16c + - + - - - + 1 .7
17. + - - - - - + 2 .5
18. - - - - - + + 2 . 2
19. + - - - - + + 2 . 2
2 0 . + - — - - + + 2 .3
2 1 . + - - - - + + 3 .0
2 2 a + - - - - - + 2 .4
2 2 b + - + - - - + -
23. - - - - - - + -
24. + - - - - + + 2 . 8
25. + - + - - - + - ;
26a - - - - - + -
26b + - - - - + 1 . 6
27. + - - - - + + 1 . 2
28. + - - - - - + 1 . 6
29. + - - - - + + 1 .5
30. + - - - - + + 4 .5
D e c a rb o x y la se O rg a n ic  a c i d s  C s o u r c e
as G lucose  60%
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31. - - - - + + 0 .9
32. + - - - - + + 2 .5
33. + - + - - + + 3 .1
34. + - - - - - + -
35a - - - - - + + 1 . 8
35b - - - - - + + -
36. + - - - - + + 4.5
37. + - - - - + + 2 . 8
38. + - - - + + 3.8
40. + - - - - + + -
41. + - - - - + 0 . 8
42a + - - - - + + 6 . 0
42b + - - - - + + -
42c + - - - - + + 2 .5
43. - - - - - + + 1 .5
2 0 1 + - - - - + + 2 . 1
207 + - - - - + + 2 .7
2 1 0 + - - - - - + 2 .3
215 + - - - - - + 1 . 6
H. + - - - - + + +
Notes : -
n e g a t i v e  o r  no growth 
p o s i t i v e  o r  growth p r e s e n t  
r e a c t i o n  n o t  c l e a r
D e c a rb o x y la se  : -
A l l  s t r a i n s  e x c e p t  13 i s o l a t e s  were p o s i t i v e  i n  a r g i n i n e  
None o f  t h e  i s o l a t e s  were  a b l e  t o  d e c a r b o x y l a t e  o r n i t h i n e ,  and 
i n  l y s i n e  a l l  e x c e p t  9 s t r a i n s  showed n e g a t i v e  r e a c t i o n s .
O rg a n ic  a c i d s  as ca rb o n  s o u r c e : -
A l l  i s o l a t e s  grew f a i r l y  w e l l  on m a l i c  a c i d .  With t h e  
e x c e p t i o n  o f  13 i s o l a t e s ,  a l l  i s o l a t e s  u t i l i z e d  s u c c i n i c  a c i d .  
None o f  t h e  i s o l a t e s  were  a b le  to  u t i l i z e  n i c o t i n i c  a c i d  as a 
ca rb on  s o u r c e .
Growth i n  60% g l u c o s e : -
A l l  e x c e p t  lo i s o l a t e s  showed growth  i n  t h i s  h ig h  
c o n c e n t r a t i o n  o f  c a r b o n y d r a t e .  I t  i s  i n t e r e s t i n g  t o  n o t e  
t h a t  some i s o l a t e s ,  i . e .  F. oxysporum , F. s p o r o t r i c h i o i d e s  
and F . a r t h r o s p o r i o i d e s , showed good p i g m e n t a t i o n  on t h i s  
medium as compared w i t h  o r d i n a r y  Czapeck-Dox medium w i t h  5% 
g l u c o s e .  S h e r b a k o f f  (1915) m en t io n ed  t h a t  m ed ia  r i c h  i n  
g lu c o s e  were r e s p o n s i b l e  f o r  an i n c r e a s e  i n  t h e  amount o f  
p ig m en t  and t h e  d e n s i t y  o f  c o l o u r  p ro d u c e d  by F . a rcuosporum  
o r  F. angus tum . T h is  o b s e r v a t i o n  was a l s o  made w i t h  
F. l y c o p e r s i c i  (Nord, F i o r e  and W eiss ,  1948) .
Computer a n a l y s i s  o f  54 s t r a i n s
C l u s t e r  g ro u p in g
S i n g l e  Link Grouping C S .L .G . ) . The computer  c a l c u l a t e d  
v a lu e  o f  ' S '  ( p e r c e n t a g e  s i m i l a r i t y )  r a n g e d  from 72 .3  p e r  c e n t  
t o  9 2 .1  p e r  c e n t  by th e  S .L .G .  m ethod .  The g ro u p in g  o b t a i n e d  
by th e  S .L .G .  method was u s e d  t o  c o n s t r u c t  a dendrogram ( F i g . 5" ) 
The s t r a i n  numbers  13 t o  3 as t h e y  a p p e a r  a t  t h e  b o t to m  o f  th e  
dend ro g ram ,  a r e  i n  th e  r e a r r a n g e d  o r d e r  p r i n t e d  o u t  by t h e  
computer  a t  th e  f i n a l  l e v e l  o f  72 .3  p e r  c e n t  s i m i l a r i t y .  At
t h i s  l e v e l  a l l  s t r a i n s  a r e  l i n k e d  t o g e t h e r  i n t o  a s i n g l e  g ro u p .
C e r t a i n  s t r a i n s ,  i . e .  n o s .  13-14 and 35a,  35b, a r e  j o i n e d  
t o g e t h e r  a t  9 2 .1  p e r  c e n t  s i m i l a r i t y ,  i n d i c a t i n g  a v e r y  c l o s e  
r e l a t i o n s h i p ,  whereas  s t r a i n s  3 and H a re  l i n k e d  w i t h  each  o t h e r  
and w i th  th e  r e s t  o f  th e  s t r a i n s  a t  t h e  l e v e l  o f  7 2 .3  p e r  c e n t ,  
showing o n ly  a d i s t a n t  r e l a t i o n s h i p  w i t h  th e  r e m a in in g  s t r a i n s .
' S '  v a l u e s  a r e  shown i n  th e  dendrogram as h o r i z o n t a l  l i n e s  a t  
t h e  a p p r o p r i a t e  v a l u e ,  l i n k i n g  th e  s t r a i n s .
S i n g l e  Link  L i s t i n g  ( S . L . L . ) . The com puter  was programmed 
t o  s c a n  th e  s i m i l a r i t y  m a t r i x  i n  d e s c e n d in g  s t e p s  o f  0 . 1  p e r  c e n t  
s i m i l a r i t y .  The com puter  c a l c u l a t e d  v a lu e  o f  'S* ( p e r c e n t a g e  
s i m i l a r i t y )  r a n g e d  from 65 .7  to  9 2 .8  p e r  c e n t  by t h e  S .L .L .  
method.  F i g . 7  i s  a dendrogram which  was c o n s t r u c t e d  on th e  
b a s i s  o f  d a t a  o b t a i n e d  by th e  S .L .L .  method.  The s t r a i n  numbers 
17 t o  41 as t h e y  a p p e a r  a t  t h e  b o t to m  o f  t h e  dendrogram  a r e  i n  
th e  r e a r r a n g e d  o r d e r  i n  which t h e y  were p r i n t e d  o u t  by th e  
computer  a t  t h e  f i n a l  l e v e l  o f  6 5 .7  p e r  c e n t  s i m i l a r i t y .  At 
t h i s  l e v e l  a l l  s t r a i n s  a r e  l i n k e d  t o g e t h e r  fo rm in g  a s i n g l e  
g r o u p .
Shaded S i m i l a r i t y  M a t r i x . Shaded s i m i l a r i t y  m a t r i c e s  
were  p r e p a r e d  from th e  S .L .G .  and S .L .L .  a n a l y s e s  i n  o r d e r  to  
show th e  a f f i n i t i e s  o f  s t r a i n s  and c l u s t e r s  o f  s t r a i n s  i n  a 
s l i g h t l y  d i f f e r e n t  way. Groups show up c l e a r l y  on t h e  sh a d e d  
s i m i l a r i t y  m a t r i x  by th e  d e n s e r  s h a d i n g  (80-100  % s i m i l a r i t y )  
and th e  c r o s s e s  i n d i c a t i n g  6 0 -7 9 .9  %. Only a few s t r a i n s  show 
s i m i l a r i t y  below 60 p e r  c e n t .
G roupings  o b t a i n e d  by th e  S .L .G .  method were  more 
e l a b o r a t e  t h a n  th o s e  y i e l d e d  by th e  S .L .L .  method a t  a g iv e n  
l e v e l  o f  s i m i l a r i t y .  The r e s u l t s  y i e l d e d  by th e  two methods 
a re  more o r  l e s s  s i m i l a r  t o  each  o t h e r  as f a r  as dendrogram 
d e f i n e d  groups a r e  c o n c e rn e d .  Because  o f  th e  ty p e  o f  
g ro u p in g s  o b t a i n e d  by i t ,  t h e  S .L .G .  method was cho sen  t o  
d e f i n e  g roups  f o r  f u r t h e r  s t u d i e s .
Dendrogram d e f i n e d  g roups  by t h e  S .L .G .  m e th o d .
The p e r c e n t a g e  s i m i l a r i t y  o f  80 .2  p e r  c e n t  was s e l e c t e d  as a 
s u i t a b l e  v a lu e  f o r  d e f i n i n g  g ro u p s ,  s i n c e  a t  t h i s  l e v e l  41 o u t  
o f  th e  54 i s o l a t e s  were j o i n e d  t o g e t h e r  w i t h i n  8 g r o u p s .  13 
i s o l a t e s  rem a in e d  u n g rou p ed  a t  t h i s  l e v e l .
S e l e c t i o n  o f  ty p e  s t r a i n s  w i t h i n  g r o u p s .
The ty p e  s t r a i n  o f  each  dendrogram d e f i n e d  group was s e l e c t e d  
on th e  b a s i s  o f  i t s  g r e a t e s t  o v e r a l l  s i m i l a r i t y  t o  t h e  o t h e r  
s t r a i n s  o f  i t s  g ro u p .  Three groups  each  c o n s i s t e d  o f  o n ly  
two s t r a i n s ,  o f  which  t h a t  w i t h  th e  low er  r e f e r e n c e  number was 
a r b i t r a r i l y  chosen  as t h e  ty p e  s t r a i n .
Dendrogram d e f i n e d  groups  by th e  S .L .G .  method
( t h e  u n d e r l i n e d  s t r a i n s  a r e  t y p e  s t r a i n s )
Group I 14, 22a,  22b, 7, 20, 24, 9 ,  10, 12, 15, 42a ,
42c ,  42b,  8 , 11, 19, 21, 30, 25, 36.
T o t a l  = 21^ s t r a i n s .
Group I I  3 5 a , 35b, 28
T o t a l  = 3 s t r a i n s .
Group I I I  201,  2 0 7 . 210, 215 
T o t a l  = 4 s t r a i n s .
Group IV 1 6 a , 16c ,  16b
T o t a l  = 3 s t r a i n s .
Group V 43
T o t a l  = 2 s t r a i n s .
Group VI 2 )  4
T o t a l  = 2 s t r a i n s .
Group V II  2 6 a , 34, 23, 2 7
T o t a l  = 4 s t r a i n s .
Group V I I I  32
T o t a l  = 2 s t r a i n s .
S t r a i n s  un g ro u ped  a t  t h i s  l e v e l  = 2 6b ,  37, 38, 17, 33,
2, 18, 6 , 29,  40, 41, H and 3 
T o t a l  = 13 s t r a i n s .
Group I can be f u r t h e r  d i v i d e d  i n t o  g h ree  su b g ro u p s
a t  th e  81.5% l e v e l  o f  ' S ' .
Subgroup l a  %3, 14, 22a ,  22b, 7, 20,  24
T o t a l  = 7 s t r a i n s .
Subgroup Ib £ ,  10
T o t a l  = 2 s t r a i n s .
Subgroup I c  12, 15, 42a,  42c ,  42b, 8 , 11 ,  19, 21, 25,
30, 36
T o t a l  = 12 s t r a i n s .
S in g le  Link Grouping
% s i m i l a r i t y  Groups a t  t h i s  l e v e l
l e v e l
9 2 .1  13 -14-
39-40-
1 2 3 4 5 6 7 8 9 10 11 12
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
30 31 32 33 34 35 36 37 38 41 42 43 44 45 46
47 48 49 50 51 52 53 54
90.8  13 -14 -
3 9 -4 0 -
1 2-15-
46—48—
1 2 3 4 5 6 7 8 9 1 0 11 16
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
32 33 34 35 36 37 38 41 42 43 44 45 47 49 50
51 52 53 54
8 6 . 8  1 3 -1 4 -2 4 -
39-40-
12-15—4 6 -4 8 —47- 
9 -1 0 -  
16 -18-
21-23-
1 2 3 4 5 6 7 8 1 1 17 19 20
22 25 26 2 7 28 29 30 31 32 33 34 35 36 37 38
41 42 43 44 45 49 50 51 52 53 54
Example o f  a t y p i c a l  p o r t i o n  o f  t h e  g ro u p in g  p ro d u c e d  by  t h e  
com p u te r .  S t r a i n s  a r e  l i n k e d  t o g e t h e r  o n ly  on t h e  r i g h t  hand 
s i d e  a c c o r d i n g  t o  t h e i r  *S* v a l u e s .
S in g le  Link L i s t in g
s i m i l a r i t y  Grouping a t  t h i s  l e v e l
l e v e l
79 .0  2 1 - 2 3 - 3 4 - 2 5 - 2 4 - 1 4 - 1 3 - 7 - 1 0 - 9 - 2  7-41-
5 0 -5 1 -5 3 -5  2 - 3 9 - 4 0 - 3 2 - 3 0 -
4 7 - 4 6 - 4 8 - 1 2 - 1 5 - 8 - 1 1 -
1 7 -1 6 -1 8 -
1 - 4 - 5 - 4 9 -
3 6 - 3 5 - 3 1 - 2 6 - 2 9 - 3 8 - 4 4 -
22-28-
42—43—
6-33-
2 3 19 20 37 45 54
78.7  3 7 - 2 1 - 2 3 - 3 4 - 3 5 - 2 4 - 1 4 - 1 3 - 7 - 1 0 - 9 - 2 7 - 4 1 -
5 0 - 5 1 - 5 3 - 5 2 - 3 9 - 4 0 - 3 2 - 3 0 -
47—46—48—12—15—8—11—
4 9 - 5 - 4 - 1 - 1 7 - 1 6 - 1 8 -
3 6 - 3 5 - 3 1 - 2 6 - 2 9 - 3 8 - 4 4 -
22-28-
4 2 -4 3 -
6 -33-
2 3 19 20 45 54
Example o f  a t y p i c a l  p o r t i o n  o f  t h e  g r o u p in g  
p ro d u c e d  by th e  co m p u te r .  S t r a i n s  a re  l i n k e d  from b o t h  
s i d e s  a c c o r d i n g  t o  t h e i r  % s i m i l a r i t y  l e v e l s ,  as compared 
w i t h  t h e  S .L .G .  method where  th e  s t r a i n s  a r e  l i n k e d  o n ly  
on t h e  r i g h t  hand  s i d e .
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Figure 5
Dendrogram: R e s u l t s  o f  t h e  com puter  s o r t i n g
by t h e  S i n g l e  Link Grouping  m ethod .
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Figure 6
Shaded s i m i l a r i t y  m a t r i x  o f  54 s t r a i n s  a r r a n g e d  by 
t h e  s i n g l e  l i n k  g ro u p in g  m ethod .
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F igure 7
Dendrogram: R e s u l t s  o f  t h e  computer  s o r t i n g  by th e
S i n g l e  Link L i s t i n g  method.
Fig.  8
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F igure 8
Shaded s i m i l a r i t y  m a t r i x  o f  54 s t r a i n s  a r r a n g e d  by  
t h e  s i n g l e  l i n k  l i s t i n g  m ethod .
V ''J
- T r e h a l o s e ( 1 0 )+ + (3) + + ( 1 ) + + C2 ) +
-D+xylose (19)+ + (3) + + + + ( 1 ) +
Gas from - S u c ro se (9)+ (2) + - ( 2 ) + ( 1 ) + + -
-G lu co se ( 8 )+ CD + - ( 2 ) + - ( 1 ) + -
-M a l to s e — - - + - - -
- R a f f i n o s e
h y d r a t e ( 1 ) + - - - - -
- C e l l o b i o s e — — - ( 1 ) + - ( 1 ) + -
- S a l i c i n C2) + ( 1 ) + ( 1 ) + - ( 1 ) + -
-D+Mannose — — ( 1 ) + + - ( 1 ) + -
- T r e h a l o s e ( 1 ) + - + - ( 1 ) + —
0-F T e s t
-G lu co se F F F F F F (3 )F
- S u c r o s e F F F F F F ( 1 ) 0 (
- F r u c t o s e ( 8 ) F ( 1 2 ) 0  ( 2 ) F ( 1 ) 0 F F F F (1)F
-M a l to s e ( 1 8 ) F ( 3 ) 0  F (3)F F (1)F F ( 1 ) F (
-Mannose ( 2 0 ) F ( 1 ) 0  F F F F F ( 2 )F (
- R a f f i n o s e
h y d r a t e ( 2 0 ) F ( 1 ) 0  F F F F F ( 1 ) 0
-X y lose ( 2 0 ) F ( 1 ) 0  F F F F F (3)F
- D - g a l a c t o s e ( 5 ) F ( 9 ) 0  F ( 2 ) F ( 2 ) 0 F F F -
- S o rb o s e ( 1 ) 0 - (1)F (1)F - (2 )F
- I n u l i n (15)F  F (3 )F F (1)F F (1 )F ( :
- L a c to s e ( 1 ) 0 - - - ( 1 ) 0 ( 1 ) 0
-M a n n i to l ( 3 ) 0  (2 )0 ( 1 ) 0 - - ( 1 ) 0 -
- M e l i b i o s e ( 1 5 ) F ( 1 ) 0  (1 )F (2) F F F F -
- C e l l o b i o s e F F F F F F (2 )F ( ]
- L / - i ru c ro s e  C4J+ +
- D - g a l a c t o s e  (2)+ +
- Amygdalin (4)+ +
- D e x t r i n  ( 6 )+ +
- M e l ib i o s e  ( 6 )+ +
- Mannose + +
- T r e h a l o s e  (4)+ (1)+
- D+xylose + +
Gas from - S u c ro se  (2)+ (1)+
- G lucose  (2)+
- M a l to s e
- R a f f i n o s e  h y d r a t e  - (1)+
- C e l l o b i o s e
- S a l i c i n
- D+mannose
- T r e h a l o s e  (1)+
0-F  T es t
Glucose  F F
S u c ro se  F F
F r u c t o s e  (5 )0  (2)F  (1 )0  (1)F
M a l to s e  ( 6 )F  (1 )0  F
Mannose ( 6 )F  (1 )0  F
R a f f i n o s e  h y d r a t e  F F
Xylose  F F
Sorbose
I n u l i n  ( 4 ) F (1)F
L a c to s e  (1 )0
M a n n i to l  - 0
M e l ib i o s e  (4 )F  ( 1 )0  F
C e l l o b i o s e  F F
D - g a l a c t o s e  (4 )0  (1)F  ( 1 ) 0
Not es : -
M orphologica l c h a r a c ter s
Micro  and M a c ro c o n id ia
1. M i c r o c o n i d i a :
(a) Chains  p r e s e n t  = +
a b s e n t  -  -
(b) Shape - P y r i f o r m  = A
C l a v a te  = B 
Oval  = C
2 . M a c r o c o n id ia :
(a) Shape - F a l c a t e  = A
s i c k l e  o r
s p i n d l e  shaped  = B 
s t o c k y  o r  e l o n g a t e  = C 
f u s i f o r m  f a l c a t e  = D
(b) T h ic k n e s s  o f  w a l l
Ab s e n t  = - 
P r e s e n t  = +
T h ick  = 0 
T h in  = 1
(c)  P e d i c e l l a t e  
A p e d i c e l l a t e
(d) Beaked 
unbeaked
(e)  A p ices  - s h a r p
- b l u n t
3.  ChÈûLmydospores :
Ab s e n t
( P r e s e n t )
T e rm in a l
I n t e r c a l a r y
Mixed
C o n i d i a l
4.  P h i a l i d e s :
Absent
( P r e s e n t )
S imple
P o l y p h i a l i d e s
P r o l i f e r a t i n g
= +
=  +
A
B
C
D
A
B
C
C u ltu ra l c h a r a c ter s
(a) Mycelium: Compact = A
L ana te = B
F lo c c o s e = C
Slimy = D
Powdery F
(b) S p o ro d o c h ia : P r e s e n t +
Absent -
(c) P i o n n o t e s : P r e s e n t +
Ab s e n t -
(d) S c l e r o t i a : P r e s e n t = +
Absent -
(e) Pigm ents  i n  s u b s t r a t e  and c o n i d i a co lo i
Dark r e d  b ro w n ish A
Ruby or  c e r i s e = B
P u r p l i s h  g rey = C
V i o l e t  brown = D
R eddish  o rang e = E
P a le  o ran g e F
Brownish o rang e = G
L ig h t  brown = H
Orange = I
G re y ish  o range = J
Brownish  y e l l o w K
G re y is h  b l u e  or deep t u r q u o i s e = L
P ink  r o s e = M
G re y is h  y e l lo w = N
P u r p l i s h  r e d = 0
Red geranium P
Y e l lo w is h  g rey = Q
B lack = R
P a l e  y e l lo w S
P h y s i o l o g i c a l
(1) S o l u b i l i t y  o f  p ig m e n ts  i n  o r g a n i c  s o l v e n t s :
S o l u b l e  = +
n o t  s o l u b l e  = -
Pigment  n o t  p ro d u c e d  i n  t h e  medium = *
(2) S e n s i t i v i t y  t o  a n t i b i o t i c s  dyes and f u n g i c i d e s :
S e n s i t i v e  = -
T o l e r a n t  = +
P a th o lo g ic a l
(a) N e c r o s i s :  A bsen t  = -
P r e s e n t  = +
(b) S t u n t i n g :  A bsen t  = -
P r e s e n t  = +
(c) G e rm in a t io n :
No g e r m i n a t i o n
( p a t h o g e n ic )  = *
B io ch e m ic a l
P o s i t i v e  = +
N e g a t iv e  = -
F e r m e n t a t i v e  = F
O x i d a t i v e  = 0
The taxonomy and n o m e n c la tu r e  o f  th e  genus F u sa r ium  
has  lo n g  been  th e  s u b j e c t  o f  c o n t r o v e r s y  and v a r i o u s  d i f f e r e n t  
sy s tem s  o f  c l a s s i f i c a t i o n  have been  p ro p o s e d  (W ollenweber  and 
R e in k in g ,  1935; Snyder  and Hansen ,  1940,  41,  45; Gordon,  1960; 
B oo th ,  1966) .
The i d e n t i f i c a t i o n  o f  members o f  t h e  form genus F u sa r iu m  
has  u s u a l l y  depended upon m o r p h o lo g i c a l  and c u l t u r a l  
c h a r a c t e r i s t i c s  a l l  o f  which a r e  known t o  e x h i b i t  a wide  r an g e  
o f  v a r i a b i l i t y .  The taxonom ic  d i v i s i o n  o f  t h e  genus i n t o  
s p e c i e s  d e l i m i t e d  by m o r p h o lo g i c a l  c h a r a c t e r s  i s  o f t e n  d i f f i c u l t  
i n  f u n g i  t h a t  show marked v a r i a t i o n  and v a r i a b i l i t y  i n  g rowth  
c h a r a c t e r s  and s p o r u l a t i o n .  The v e r y  g r e a t  v a r i a t i o n  w i t h i n  
t h e  s p e c i e s  has  r a i s e d  t h e  q u e s t i o n  w h e th e r  o r  n o t  c e r t a i n  
m o r p h o lo g i c a l  c h a r a c t e r s ,  i . e .  s p o r e  s i z e  and a b i l i t y  t o  
p rod u ce  d i f f e r e n t  ty p e s  o f  s p o r e s ,  can be  c o n s i d e r e d  as s t a b l e  
c r i t e r i a  f o r  d i s t i n g u i s h i n g  s p e c i e s .
I t  was hoped t h a t  a s o l u t i o n  t o  t h i s  p rob lem  would  be 
p r o v i d e d  by th e  i n t r o d u c t i o n  o f  n u m e r i c a l  methods o f  taxonomy 
and t h a t  an o b j e c t i v e  d e f i n i t i o n  o f  g e n e r a  and species  would  
be p o s s i b l e .  A s t u d y  was t h e r e f o r e  u n d e r t a k e n  t o  a p p ly  t h i s  
t e c h n iq u e  t o  th e  f u n g a l  genus F u s a r iu m . A l t o g e t h e r  53 
i s o l a t e s  o f  Fu sa r iu m  and one o f  H e lm in th o sp o r iu m  were  i n c l u d e d  
i n  t h e  p r e s e n t  i n v e s t i g a t i o n .  The a n a l y s i s  o f  t h e  d a t a  on t h e  
p r o p e r t i e s  ( m o r p h o lo g i c a l ,  c u l t u r a l ,  p h y s i o l o g i c a l ,  p a t h o l o g i c a l  
and b i o c h e m i c a l )  o f  a l l  t h e  s t r a i n s  was c a r r i e d  o u t  by u s i n g  
an e l e c t r o n i c  com pu te r .  The computer  c a l c u l a t e d  v a l u e  o f  
"S” ( p e r c e n t a g e  s i m i l a r i t y ) "  r a n g e d  from 72 .3  t o  9 2 .1  p e r c e n t  
by th e  S .L .G .  method.  The p e r c e n t a g e  s i m i l a r i t y  o f  80.2% was 
s e l e c t e d  f o r  d e f i n i n g  g roups  s i n c e  a t  t h i s  l e v e l  41 s t r a i n s  o u t  
o f  t h e  54 were j o i n e d  t o g e t h e r  w i t h i n  8 g ro u p s .  These  8 g rou p s  
were compared w i t h  t h e  two most  w i d e l y  u s e d  sy s te m s  o f  
c l a s s i f i c a t i o n  (T ab le  18 ) •
The m a jo r  f i n d i n g  o f  i n t e r e s t  was t h e  d i v i s i o n  o f  t h e  
54 i s o l a t e s  i n t o  8 g roups (13 i s o l a t e s  r e m a in in g  u ng ro u p ed )  
a t  80.2% l e v e l  o f  s i m i l a r i t y ,  and each  computer  g r o u p i n g  
showed some s i m i l a r i t y  t o  t h e  two most  w i d e l y  u s e d  s y s te m s  o f  
c l a s s i f i c a t i o n  i n  Fusar ium  taxonomy . A c o m p a r is o n
com pute r  d e f i n e d  g r o u p s .
Com pute r -d e f i n e d  g roups  
( s p e c i e s ) Genus S e c t i o n
%%0 M .I .  (
îa. & Ib
F .  avenaceum (6  i s o l a t e s )
F .  qraminearum (1 i s o l a t e )
F .  a r t h r o s p o r i o i d e s  (1 i s o l a t e )
F .  acuminatum (1 i s o l a t e )
I c
F .  culmorum (6  i s o l a t e s )
F .  tumidum (1 i s o l a t e )
F .  sambucinum (1 i s o l a t e )
F .  sambucinum v a r .  co e ru leu m  (1 i s o l a t e )  
F .  chlamydosporum (1 i s o l a t e )
F .  s p o r o t r i c h i o i d e s  (1 i s o l a t e )
Roseum F .  avena  
F . a r t h r
D i s c o l o r
F J qrami]
■ Fd culmo 
F . h e t e r  
F .  sambu 
F .  sambu
■ ' F . s ambu
A r t h r o s p o r i e l l a : v:: 'F . s e m i t
F .  q ram inearum  (1 i s o l a t e )
Gibbosum F . conCO 
; y^F. e q u i s  
F .  acumi:
S p o r o t r i c h i e l l a Fi  poae  
/, F . s p o r o  
F .  c h i  am
I I
F .  s o l a n i  (2 i s o l a t e s )
F .  s t i l b o i d e s  (1 i s o l a t e )
M a r t i e l l a .■ V F . s o l a n  
F . c o e r u  
F .  a r g i l
I I I
F .  oxysporum f . p i s i
r a c e  1 and r a c e  2 (4 i s o l a t e s )
E le g a n s ■ F,. oxysp  
F . oxysp
IV
F.  m o n i l i f o r m e  (2 i s o l a t e s )
F.  m o n i l i f o r m e  y a r .  s u b g l u t i n a n s
(1 i s o l a t e  )
L i s e o l a F . m o n i l  F . m o n i l  
■ F ’. m o n i l
V
F . d e c e m c e l l u l a r e  (2  i s o l a t e s ) S p i c a r i o i d e s
F .  decem
VI
F.  oxysporum (1 i s o l a t e )
F .  m o n i l i f o r m e  y a r .  s u b q l u t i n a n s
( 1  i s o l a t e )
VII
F.  dimerum, F .  n i y a l e  
F .  m e r i s m o id e s ,  F .  aquaeductuum 
( 1  i s o l a t e  o f  e ach  s p e c i e s )
E u p io n n o te s
&
A r a c h n i t e s
F . aquae  
F . n i y a l i
V I I I
F .  x y l a r i o i d e s  (1 i s o l a t e )  
F .  h e t e r o s p o r u m  (1 i s o l a t e )
L a t e r i t i u m F . l a t e r  F .  x y l a r  
F .  s t i l b
i s  made be tw een  t h e  c o m p u t e r - d e f in e d  g roups  and t h e  s p e c i e s  
o r  s e c t i o n s  as r e c o g n i s e d  i n  B o o t h ' s  sy s tem  ( m o d i f i c a t i o n  o f  
W ollenweber  and R e in k in g  and G ordon 's  sys tem )  and t h e  m o d i f i e d  
sy s tem  o f  Snyder  and Hansen.
The c o m p u t e r - d e f in e d  group 1 c o n t a i n s  21 i s o l a t e s  which  
a re  l i n k e d  t o g e t h e r  a t  t h e  80.2% s i m i l a r i t y  l e v e l ,  and 
c o r r e s p o n d s  c l o s e l y  t o  t h e  Roseum, D i s c o l o r ,  A r t h r o s p o r i e l l a  
and Gibbosum s e c t i o n s  o f  B o o t h ' s  sy s te m ,  and t h e  s p e c i e s  
Fusar ium  roseum o f  Snyder  and H a n s e n ' s  sys tem  o f  c l a s s i f i c a t i o n ,  
i n  which  t h e y  have  combined a l l  members o f  4 s e c t i o n s  i n t o  a 
s i n g l e  s p e c i e s  as F . ro seum . Group 1 a l s o  i n c l u d e s  two 
i s o l a t e s ,  i . e .  F. chlamydosporum and F. s p o r o t r i c h i o i d e s , o f  
t h e  S p o r o t r i c h i e l l a  s e c t i o n  o f  B o o t h ' s  sys tem  and one s p e c i e s ,
F . t r i c i n c t u m  o f  Snyder  and Hansen .  Snyder  and Hansen (1945) 
and Booth (1966) have s t a t e d  t h a t  t h e  r e p r e s e n t a t i v e s  o f  t h e  
S p o r o t r i c h i e l l a  s e c t i o n  a r e  more c l o s e l y  a l l i e d  t o  t h e  members 
o f  Roseum and D i s c o l o r  t h a n  t b  M a r t i e l l a  and o t h e r  s e c t i o n s ,  
e x c e p t  f o r  t h e  p r e s e n c e  o f  p y r i f o r m  m i c r o c o n i d i a .  The q u e s t i o n  
i s  how much taxonom ic  im p o r ta n c e  s h o u l d  be p l a c e d  on t h e  
p r e s e n c e  o f  t h e s e  m i c r o c o n i d i a .  B e n e t t  (1935) h as  r e p o r t e d  
t h a t  t h e s e  p y r i f o r m  m i c r o c o n i d i a  o f  F . t r i c i n c t u m  may d i s a p p e a r  
w i t h  age and a l s o  t h a t  m i c r o c o n i d i a  may be found  i n  F. 
sambucinum. M e ss iaen  and C a s s i n i  (1968) have  a l s o  r e p o r t e d  
t h e  p r e s e n c e  o f  m i c r o c o n i d i a  i n  F. roseum and p r o p o s e d  a new 
v a r i e t y ,  F . roseum v a r  a r t h r o s p o r i o i d e s , f o r  t h e  s t r a i n s  
p r o d u c in g  m i c r o c o n i d i a .  Snyder  and Tousson (1965) b e l i e v e  
t h a t  F. t r i c i n c t u m  b e lo n g s  n e a r  F . roseum and o t h e r  s p e c i e s  | 
h a v in g  a G i b b e r e l l a  p e r i t h e c i a l  s t a g e .  Two o t h e r  i s o l a t e s  ! 
o f  t h e  s e c t i o n  S p o r o t r i c h i e l l a ,  i . e .  F. poae (Nos. 3, 37) a r e  
n o t  l i n k e d  a t  t h i s  (80.2%) l e v e l  w i t h  any o t h e r  member o f  t h e  
Fusar ium  s p e c i e s .  The s p e c i e s  r e p r e s e n t i n g  c o m p u t e r - d e f i n e d  
Group 1 a r e  F . avenaceum, F. g ram in ea rum , F. culmorum ,
F . a r t h r o s p o r i o i d e s , F . acum inatum , F. tumidum , F. sambucinum 
F . sambucin-um v a r .  c o e r u le u m , F . chlamydosporum and 
F . s p o r o t r i c h i o i d e s . }
Group 1 c o m p r ise s  t h r e e  s h a r p l y - d e f i n e d  su b g ro u p s  a t  ! 
t h e  81.5% l e v e l  o f  s i m i l a r i t y .  The su b g ro up s  l a  and lb  | 
c o n t a i n  a l l  F . avenaceum (6  i s o l a t e s )  , F. a r t h r o s p o r i o i d e s , |
F . acuminatum and F . g ram inea rum . Subgroup I c  c o n t a i n s  
F. culmorum, F . sambucinum, F. sambucinum v a r  c o e r u l e u m ,
F . g ram inea rum , F . chlamydosporum and F. s p o r o t r i c h i o i d e s .
W ollenweber  and R e in k in g  (1935) have  s e p a r a t e d  t h e  
members o f  Roseum, D i s c o l o r ,  A r t h r o s p o r i e l l a  and Gibbosum 
p r i n c i p a l l y  on t h e  b a s i s  o f  p r e s e n c e  o r  absence  o f  ch lam ydospores  
a l t h o u g h  o t h e r  c h a r a c t e r s  were  a l s o  i n c l u d e d ,  such  as f o o t  c e l l  
deve lop m en t ,  d e g re e  o f  c u r v a t u r e  and c o l o u r  o f  s t r o m a t a  and 
s c l e r o t i a .  Gordon (1951) and Booth (1966) a l s o  f o l lo w e d  t h e  
same p r i n c i p l e s  i n  r e c o g n i s i n g  t h e s e  s e c t i o n s .  Snyder  and 
Hansen (1 9 4 5 ) ,  a f t e r  s t u d y i n g  t h e  v a r i a b i l i t y  i n  t h i s  g ro up ,  
p ro p o s e d  combining  a l l  s p e c i e s  and v a r i e t i e s  as F. roseum which 
a re  n o t  p a t h o g e n i c  on c e r e a l s .  The s t r a i n s  which a r e  
p a t h o g e n i c  on c e r e a l s  a r e  c a l l e d  F . roseum f . c e r e a l i s . In  
195 7 S n y d e r ,  Hansen and Oswald p ro p o s e d  t o  g iv e  t h e  name o f  a 
c u l t i v a r  t o  t h e s e  ' f o r m a e '  a t t a c h e d  t o  t h e  s p e c i e s  t o  i n d i c a t e  
p a t h è g e n e s i s ; f o r  exam ple ,  F. roseum ’ Culmorum’ o r  F. roseum 
’ Graminearum*. M ess iaen  and C a s s i n i  (1968) have  u s e d  ’v a r i e t y *  
i n  p l a c e  o f  ’ c u l t i v a r ’ and d i v i d e d  F. roseum i n t o  s i x  v a r i e t i e s .  
These v a r i e t i e s  a r e  n o t  e x a c t l y  t h e  same as t h e  c u l t i v a r  
r e c o g n i s e d  by S n y d e r ,  Hansen and Oswald (1 9 5 7 ) .  They have  
a l s o  p ro p o s e d  a new v a r i e t y ,  i . e .  v a r i e t y  a r t h r o s p o r i o i d e s , 
f o r  t h e  s t r a i n s  cf F. roseum p r o d u c i n g  m i c r o c o n i d i a .
I t  i s  c l e a r l y  e v i d e n t  t h a t  some o f  t h e  m o r p h o l o g i c a l  
c h a r a c t e r s ,  such  as p r e s e n c e  o r  a b sence  o f  ch lam yd o spo res  and 
m i c r o c o n i d i a ,  which  a r e  u s e d  i n  s e p a r a t i n g  s e c t i o n s ,  a r e  n o t  
s t a b l e  u n d e r  t h e  c o n d i t i o n s  u s e d  i n  t h e  p r e s e n t  work.
Wollenweber  and R e in k in g  (1 9 3 5 ) ,  Gordon (1951) and Booth  (1966) 
have a l l  s e p a r a t e d  t h e  Roseum group from D i s c o l o r ,  A r t h r o s p o r ­
i e l l a  and Gibbosum, on th e  b a s i s  o f  t h e  absence  o f  c h la m y d o s p o r e s ,  
w hereas  ch lam ydospores  a r e  p r e s e n t  i n  F . a r t h r o s p o r i o i d e s  
(Roseum) and a b s e n t  i n  F. graminearum ( D i s c o l o r )  . The p r e s e n c e  
o r  a b sen ce  o f  m i c r o c o n i d i a  i s  a l s o  an i m p o r t a n t  c h a r a c t e r  i n  
t h e  p r e s e n t  sy s te m  o f  c l a s s i f i c a t i o n ,  b u t  F . s p o r o t r i c h i o i d e s  
and F . ch lamydosporum, which  b e lo n g  t o  t h e  S p o r o t r i c h i e l l a  
s e c t i o n ,  a r e  a l s o  i n c l u d e d  i n  t h e  c o m p u t e r - d e f i n e d  g roup  1 .
The s p e c i e s  fo rm in g  group 1 can be e a s i l y  d i s t i n g u i s h e d  
from members o f  o t h e r  s e c t i o n s  on t h e  b a s i s  o f  t h e  sh a p e  and 
w a l l  t h i c k n e s s  o f  t h e  m a c r o c o n i d i a ,  and p i g m e n t a t i o n  o f  t h e
f) -
s u b s t r a t e .  W i th in  t h i s  g ro u p ,  t h e  v a l i d i t y  o f  t h e  p r e s e n c e  
o r  a b sence  o f  ch lam ydospores  as a d i f f e r e n t i a l  c h a r a c t e r  has  
been  d i s p u t e d  by many w o r k e r s .
Computer group 2 c o n s i s t s  o f  F. s o l a n i  (2 i s o l a t e s )  and 
F . s t i l b o i d e s  (1 i s o l a t e ) . These two s p e c i e s  a r e  w i d e l y  s e p a r ­
a t e d  i n  t h e  e x i s t i n g  sy s tem  o f  c l a s s i f i c a t i o n ,  r e p r e s e n t i n g  
M a r t i e l l a  and L a t e r i t i u m  s e c t i o n s .  This  group a p p e a r s  t o  be 
a somewhat h e t e r o g e n e o u s  c l u s t e r  o f  s t r a i n s ,  a l l  showing 92% t o  
87.2% s i m i l a r i t y  w i t h  each  o t h e r .  The d i f f e r e n c e s  were  l a r g e l y  
m o r p h o lo g i c a l  ( F i g .  9 ) .
W ollenweber  and R e in k in g  (1935) r e c o g n i s e d  two g e n e r a ,  
f i v e  s p e c i e s ,  t e n  v a r i e t i e s  and f o u r  forms which  a r e  f r e q u e n t l y  
v i r u l e n t  p a r a s i t e s  and s a p r o p h y t e s  i n  t h e  M a r t i e l l a  and 
Ventricosum s e c t i o n s .  The s p e c i e s  d i f f e r e n t i a t i o n  i s  b a s e d  on 
sp o re  l e n g t h ,  w i d t h ,  c u r v a t u r e ,  b l u n t n e s s  o f  a p i c a l  c e l l ,  
s e p t a t i o n ,  c o lo n y  a p p e a ra n c e  and p i g m e n t a t i o n .  Snyder  & Hansen 
(1941) r e d u c e d  a l l  s p e c i e s ,  v a r i e t i e s  and forms i n  t h e  s e c t i o n  
M a r t i e l l a  and V e n t r ico sum  i n t o  a s i n g l e  s p e c i e s  as F . s o l a n i . 
Wollenweber  and R e in k in g  (1935) r e c o g n i s e d  F. coeru leum  as a 
s e p a r a t e  s p e c i e s  and d i s t i n g u i s h e d  i t  from F . s o l a n i  and F. 
j aVanicum on t h e  b a s i s  o f  r e l a t i v e l y  s l i g h t  d i f f e r e n c e s  i n  t h e  
d e g re e  o f  c u r v a t u r e . Snyder  and Hansen and Oswald (1957) 
p r o p o s e d  F. coeru leum  as a c u l t i v a r  o f  F . s o l a n i , i . e .  F. s o l a n i  
'C oeru leum *.  Some w ork e rs  s t i l l  r e t a i n  F. c o e r u l e u m , t h e  c a u se  
o f  powdery r o t  o f  p o t a t o e s ,  as a d i s t i n c t  s p e c i e s  b a s e d  on t h e  
shape  o f  t h e  m a c r o c o n i d i a  and p i g m e n t a t i o n  o f  t h e  s u b s t r a t e .
In  t h e  p r e s e n t  s t u d y ,  F . coeru leum  has  formed a s e p a r a t e  
group ( F i g .  9 ) and i s  w i d e ly  s e p a r a t e d  from F. s o l a n i , 
c o n f i r m in g  t h e  e a r l i e r  f i n d i n g s .
From th e  p a t h o g e n i c i t y  t e s t s  a l s o ,  t h e  p r e s e n t  f i n d i n g s  
a g re e  w i t h  t h e  e a r l i e r  r e p o r t s  t h a t  t h e  i s o l a t e s  o f  F . s o l a n i  
a re  r e s p o n s i b l e  f o r  c a u s in g  r o t s  i n  f r u i t s  and v e g e t a b l e s  and 
a re  n o t  p a t h o g e n i c  on c e r e a l s .
M o r p h o l o g i c a l l y  t h e s e  t h r e e  i s o l a t e s  showed g r e a t  
d i f f e r e n c e s  ( F i g .  9 ) .  Two i s o l a t e s  o f  F. s o l a n i  a r e  l i n k e d
t o g e t h e r  a t  1 0 0 % s i m i l a r i t y  l e v e l  as compared t o  F . s t i l b o i d e s  
which i s  w i d e ly  s e p a r a t e d  and m o r p h o l o g i c a l l y  n o t  c l o s e l y  
r e l a t e d .  F. s t i l b o i d e s  can be  d i s t i n g u i s h e d  from F . s o l a n i  by
1. P i g m e n t a t i o n  o f  t h e  c u l t u r e ,
2. M i c r o c o n i d i a  a b s e n t ,
3. s e n s i t i v e  t o  a c t i d i o n e ,  polymyxin  and c a p t a n ,
4.  n o t  a b l e  t o  decompose t y r o s i n ,
5. u n a b le  t o  h y d r o l y s e  a r g i n i n e ,
6 . u n a b le  t o  r ed u c e  n i t r a t e  t o  n i t r i t e ,
7. p r o d u c t i o n  o f  a c i d  from amygda l in  and gas from s u c r o s e ,
8 . a c i d  p ro d u c e d  a e r o b i c a l l y  ( o x i d a t i o n )  i n  f r u c t o s e  and 
m a n n i t o l  and a n a e r o b i c a l l y  i n  m e l i o b i o s e .
The f o u r  i s o l a t e s  o f  F. oxysporum f .  p i s i  r a c e  1 (3 i s o l a t e s  
and r a c e  2 (1 i s o l a t e )  formed a d i s t i n c t  group (g roup  3) c l o s e l y  
c o r r e s p o n d i n g  t o  t h e  s e c t i o n  E leg an s  r e c o g n i s e d  by W ollenw eber  
and R e in k in g  (1935) , Snyder  and Hansen ( 1 9 4 0 ) ,  Gordon (1951) and 
Booth ( 1 9 6 6 ) .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a l l  t h e  s t r a i n s  
o f  F. oxysporum f . p i s i  r a c e  1 and r a c e  2 a p p e a re d  s i d e  by s i d e  
i n  t h e  same c l u s t e r  ( F i g .  5 ) i n  t h e  r e a r r a n g e d  l i s t s ,  b u t
F. oxysporum (4) formed group 6 w i t h  F . m o n i l i f o r m e  v .  
s u b g l u t i n a n s . The s i m i l a r i t y  m a t r i x  ( F ig .  6 ) g iv e s  t h e
b e t t e r  i n d i c a t i o n  o f  a f f i n i t i e s  o f  a l l  t h e  i s o l a t e s ,  as shown 
by d e n s e r  s h a d i n g  o f  t h e  t r i a n g u l a r  a r e a ,  t h a n  t h e  dendrogram ,  
s i n c e  t h e  l a t t e r  depends on s i m i l a r i t y  o f  a d j a c e n t  s t r a i n s  and 
c l u s t e r s  o n ly .
A l th o ug h  m o r p h o l o g i c a l l y  t h e  f o u r  i s o l a t e s  o f  F. oxysporum 
a re  i n d i s t i n g u i s h a b l e ,  F . oxysporum f .  p i s i  r a c e  2 can be  
d i s t i n g u i s h e d  from r a c e  1 by some p h y s i o l o g i c a l , p a t h o l o g i c a l  
and b i o c h e m i c a l  t e s t s :
1 . p igm en ts  n o t  s o l u b l e  i n  w a t e r  and m e th a n o l ,
2 . h y d r o l y s i s  o f  sodium h i p p u r a t e ,
3. u t i l i z a t i o n  o f  m a lo n a te
4.  11.': p a t h o g e n i c  onctf^Çes*
W ollenweber  and R e in k in g  (1935) r e c o g n i s e d  t h r e e  s u b ­
s e c t i o n s  c o n t a i n i n g  1 0  s p e c i e s ,  18 v a r i e t i e s  and 12  fo rm s  
b a s e d  on d i f f e r e n c e s  i n  c o n i d i a l  l e n g t h ,  w i d t h ,  s e p t a t i o n  and 
p r e s e n c e  o f  s p o r o d o c h i a  and s c l e r o t i a .  Snyder  and Hansen (1940) 
r e d u c e d  a l l  f o rm e r  s p e c i e s  i n  t h e  s e c t i o n  E leg an s  t o  synonymy 
w i t h  F. oxysporum Snyder  e t  Hansen ,  w i t h  'forma* names a t t a c h e d  
t o  t h e  s p e c i e s  name t o  i n d i c a t e  r e l a t i v e  s p e c i f i c i t y  f o r  h o s t  as 
w e l l  as p a t h o g e n i c i t y .  Gordon (1951) and Booth (1966)
r e c o g n i s e d  F. oxysporum as t h e  c e n t r a l  s p e c i e s  and a t t a c h e d  
' forma* names t o  i n d i c a t e  p a t h o g e n e s i s .
A rm strong  and Arm strong  (196&) and Subram anian  (1955) 
have  shown t h a t  p a t h o g e n i c i t y  i s  a l s o  a h i g h l y  v a r i a b l e  f a c t o r  
and s e v e r a l  f u s a r i a  have  a w i d e r  h o s t  r a n g e  t h a n  s u s p e c t e d ,  
hence  t h e  c l a s s i f i c a t i o n  o f  t h e  s e c t i o n  E legan s  by Snyder  and 
Hansen on t h e  b a s i s  o f  s e l e c t i v e  p a t h o g e n i c i t y  ha s  l i t t l e  
e x p e r i m e n t a l  e v i d e n c e .
The computer  group  4 c o n t a i n s  t h r e e  i s o l a t e s  w h ich ,  
a c c o r d i n g  t o  t h e  e x i s t i n g  sy s te m s  o f  c l a s s i f i c a t i o n  ( o f  
Wollenweber  and R e in k in g ,  1935; Snyder  and Hansen ,  1945;
Gordon, 1960 and Booth 1966) r e p r e s e n t  t h e  s e c t i o n  L i s e o l a .
These i s o l a t e s  a r e  F. m o n i l i f o r m e  (2 i s o l a t e s )  and F .m o n i l i f o r m e  
v a r .  s u b g l u t i n a n s . ( 1  i s o l a t e ) .
A l th o ug h  a l l  t h e  t h r e e  i s o l a t e s  showed s i m i l a r  r e a c t i o n s  
i n  t h e  m a j o r i t y  o f  t h e  t e s t s ,  F . m o n i l i f o r m e  v a r .  s u b g l u t i n a n s  
can be d i s t i n g u i s h e d  from F . m o n i l i f o r m e  by t h e  f o l l o w i n g  few 
t e s t s  :
1 . m i c r o c o n i d i a  p r e s e n t  b u t  n o t  i n  c h a i n s ,
2. s e n s i t i v i t y  t o  po lym yx in ,  T .E .5 0  and c r y s t a l  v i o l e t ,
3. gas n o t  p ro d u c e d  i n  s u c r o s e .
W ollenweber  and R e in k in g  (1 9 3 5 ) ,  Gordon (1951) and 
Booth (1966) a l s o  r e c o g n i s e d  two v a r i e t i e s  b e s i d e s
E . m o n i l i f o r m e . The p r i n c i p a l  c h a r a c t e r  u se d  t o  d i v i d e  
members o f  t h i s  s e c t i o n  i n t o  two g roups  i s  w h e th e r  t h e  m i c r o ­
c o n i d i a  a r e  b o rn e  i n  c h a in s  o r / f a l s e  h e a d s ,  and t h e  manner  i n  
which m a c r o c o n i d i a  a r e  p ro d u c e d .  Snyder  and Hansen (1945) 
r e d u c e d  a l l  t h e  s p e c i e s  and v a r i e t i e s  o f  t h i s  s e c t i o n  t o  one 
s p e c i e s ,  F. m o n i l i f o r m e  w i t h  no v a r i e t i e s .
The p r e s e n t  i n v e s t i g a t i o n  has s u p p o r t e d  t h e  e a r l i e r  
f i n d i n g s  o f  W ollenweber  and R e in k in g  (1 9 3 5 ) ,  Gordon (1951) and 
Booth (1966) f o r  t h é  r e c o g n i t i o n  o f  v a r i e t i e s  w i t h i n  t h i s  
s e c t i o n .
The two i s o l a t e s  o f  F . d e c e m c e l l u l a r e  s t u d i e d  form 
group 5.  A c co rd in g  t o  Wollenweber  and R e in k in g  ( 1 9 3 5 ) ,  Snyder  
and Hansen (1 9 4 5 ) ,  Gordon (1960) and Booth (1966) F . d e c e m c e l l u ­
l a r e  c o n s t i t u t e s  t h e  s i n g l e - s p e c i e s  s e c t i o n  S p i c a r i o i d e s .
T his  g roup  i s  r e c o g n i s e d  by t h e  shape  and s i z e  o f  m acro­
c o n i d i a ,  p r e s e n c e  o f  m i c r o c o n i d i a  which  a r e  b o rn e  i n  c h a i n s ,  
p i g m e n t a t i o n  o f  t h e  s u b s t r a t e  and c o l o u r  o f  c o n i d i a  i n  m a s s .
Computer g ro up  6 i s  o f  i n t e r e s t  a s  i t  c o n t a i n s  t h e  two 
i s o l a t e s  F .  oxysporum and F .  m o n i l i f o r m e  v a r .  s u b g l u t i n a n s . 
A c co rd in g  t o  t h e  e x i s t i n g  sy s tem s  o f  c l a s s i f i c a t i o n ,  t h e s e  
b e lo n g  t o  t h e  E le g a n s  and L i s e o l a  s e c t i o n s  (Snyder  and Hansen ,  
1940, 1945; B o o th ,  1 9 6 6 ) .  A l th o u g h  t h e s e  two s p e c i e s  a p p e a r  
s i d e  by s i d e  i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  fo rm in g  one g roup  
( F ig .  5 ) ,  t h e y  can  be  d i s t i n g u i s h e d  from e a c h  o t h e r  by 
m o r p h o lo g i c a l  and o t h e r  c h a r a c t e r s .
Madho^Singh (1 9 6 4 ) ,  u s i n g  s e r o l o g i c a l  t e c h n i q u e s ,  h a s  
shown t h a t  F . m o n i l i f o r m e  and F .  oxysporum â r è  s e r o l o g i c a l l y  
c l o s e r  t o  e ac h  o t h e r  t h a n  F.  s o l a n i , c o n t r a r y  t o  t h e  f i n d i n g s  
o f  Buxton and Ward (1962)•  S nyder  and Tousson (1965) s t a t e d  
t h a t  F .  oxysporum h a s  s i m i l a r i t i e s  w i t h  s p e c i e s  h a v i n g  a 
G i b b e r e l l a  p e r i t h e c i a l  s t a t e  and h e n ce  p l a c e d  i t  n e a r  F .  
m o n i l i f o r m e .
Group 7 q u i t e  c l o s e l y  c o r r e s p o n d s  t o  t h e  E u p io n n o te s  and 
A r a c h n i t e s  s e c t i o n s  o f  W ollenweber  and R e in k in g  ( 1 9 3 5 ) ,  Gordon 
(1960) and Booth (1 96 6 ) .  The t h r e e  r e p r e s e n t a t i v e s  o f  
E u p io n n o t e s ,  i . e .  F .  dime rum, F . m er i sm o id es  and F .  aq u aed u c tu u m , 
w i t h  F . n i v a l e  ( A r a c h n i t e s )  formed t h i s  g ro u p .  A l th o u g h  t h e s e  
f o u r  i s o l a t e s  formed one g ro u p ,  t h e  d i f f e r e n c e s  be tw een  them 
were  l a r g e l y  m o r p h o lo g i c a l  and b i o c h e m i c a l .  As S n y d e r  and 
Tousson (1965) have  s t a t e d  f o r  o t h e r  s e c t i o n s  o f  F u s a r i u m , t h e  
members o f  t h i s  g roup  a r e  a l s o  l i n k e d  by a  common c h a r a c t e r ,  
t h e  N e c t r i a  p e r i t h e c i a l  s t a t e .
W ollenw eber  and R e in k in g  (1935) r e c o g n i s e d  s i x  s p e c i e s  
and one v a r i e t y  i n  t h e  s e c t i o n  E u p io n n o te s  b a s e d  on t h e  
d i f f e r e n c e s  i n  s p o r e  s h a p e ,  s i z e  and s e p t a t i o n .  Gordon (196) 
r e c o g n i s e d  o n ly  t h r e e  s p e c i e s  i n  E u p io n n o te s  w i t h  no v a r i e t i e s .  
Booth (1966) d e s c r i b e d  f o u r  s p e c i e s  w i t h  p e r i t h e c i a l  s t a t e s  
e i t h e r  N e c t r i a  o r  C a l o n e c t r i a . Snyder  and Hansen (1945) u n i t e d  
a l l  members o f  t h i s  s e c t i o n  and M acrocon ia  i n t o  one s p e c i e s  a s  
F .  e p i s p h a e r i a , on t h e  b a s i s  o f  t h e  v a r i a b i l i t y  shown by  t h e s e  
members i n  a l l  t h e  m o r p h o lo g i c a l  and c u l t u r a l  c h a r a c t e r s  w hich  
a r e  u s e d  i n  d i f f e r e n t i a t i o n  o f  s p e c i e s .
3^from  a l l  o t h e r  g ro u p s  by g row th  r a t e ,  p ig m e n ta t io n ,  c u l t u r a l  
c h a r a c t e r s  ( p io n n o ta l )  and p a t h o g e n i c i t y  t e s t s .
F . h e te ro s p o ru m  (D is c o lo r )  and F . x y l a r i o i d e s  ( L a te r i t iu m )  
l i n k e d  t o g e t h e r  t o  form  t h e  e i g h t h  g rou p  w i th  t h e  G i b b e r e l l a  
a s  p e r i t h e c i a l  s t a t e .
H eIm in thosporum  sa t iv u m  l i n k e d  w i th  t h e  r e s t  o f  th e  
F u sa r iu m  s t r a i n s  a t  73.6% s i m i l a r i t y ,  and one i s o l a t e  o f  F . poae
(3) l i n k e d  a t  72.3% s i m i l a r i t y  l e v e l  w i th  t h e  r e s t  o f  th e  
F u sa r iu m  i s o l a t e s .
I n  o r d e r  t o  a s s e s s  t h e  v a lu e  o f  d i f f e r e n t  c h a r a c t e r s ,  
i . e .  m o rp h o lo g ic a l  and c u l t u r a l ,  p h y s i o l o g i c a l ,  p a t h o l o g i c a l  
and b io c h e m ic a l ,  w hich  w ere  u se d  i n  fo rm in g  t h e  g ro u p s  o f  
F u sa r iu m  i s o l a t e s ,  s e p a r a t e  a n a ly s e s  w ere  made u s in g  a l l  t h e  
f o u r  c h a r a c t e r  c a t e g o r i e s ,  and dendrogram s c o n s t r u c t e d .
The m a j o r i t y  o f  i s o l a t e s  c o n ta in e d  i n  S n yder  and H a n s e n 's  
F . roseum  g ro u p ,  form ed two c l u s t e r s  a t  t h e  85% l e v e l ,  u s in g  
o n ly  m o rp h o lo g ic a l  and c u l t u r a l  c h a r a c t e r s .  C l u s t e r  1 c o n t a i n s  
a l l  t h e  F . avenaceum i s o l a t e s  and F . g ram ine  arum , l i n k i n g  a t  
95% l e v e l .  F . a r t h r o s p o r i o i d e s  l i n k e d  w i th  c l u s t e r  1 a t  85%, 
fo rm in g  one g ro u p .  F . g ram inea ru m , w hich  i s  m o r p h o lo g ic a l ly  
and c u l t u r a l l y  w e l l  s e p a r a t e d  i n  B o o th 's  sy s te m ,  showed 100% 
s i m i l a r i t y  w i th  two i s o l a t e s  o f  F . avenaceum (9 , 1 0 ) .  A l l  t h e  
i s o l a t e s  o f  F . culmorum a re  l i n k e d  t o g e t h e r  a t  95% t o  100% l e v e l ,  
t o g e t h e r  w i th  F . sambucinum v a r .  c o e ru le u m , t o  fo rm  g roup  2 .
F . g ram ine  arum , F . tumidum , F . e g u i s e t i , F . s e m ite c tu m  and
F . acum inatum  a r e  l i n k e d  w i th  g ro u p  2 a t  t h e  85% l e v e l .  A l l  
t h e s e  i s o l a t e s  c o n ta in e d  i n  g roup  1  and g roup  2 r e p r e s e n t  
Roseum, D i s c o l o r  and A r t h r o s p o r i e l l a  and Gibbosum s e c t i o n s  i n  
B o o th 's  sy s te m  o f  c l a s s i f i c a t i o n  f o r  F u sa r iu m  s p e c i e s .  I t  i s  
i n t e r e s t i n g  t o  n o te  t h a t  two s p e c i e s ,  i . e .  F . chlam ydosporum  
and F . s p o r o t r i c h i o i d e s , which a p p e a re d  i n  t h e  m ain  dendrogram  
(F ig .  9 ) i n  t h e  Roseum g ro u p ,  a r e  w id e ly  s e p a r a t e d  i n  t h i s
dendrogram  and a p p e a r  s i d e  by s i d e  w i th  two i s o l a t e s  o f  F . p o a e , 
w hich  now comes w i t h i n  t h e  F u sa r iu m  i s o l a t e s ,  fo rm in g  a n o th e r  
g roup  a t  t h e  80% l e v e l .  I s o l a t e  n o .  14 , t h e  i d e n t i t y  o f  w h ich  
was n o t  known, shows 100% s i m i l a r i t y  w i th  F . avenaceum  (22a) 
and can be  r e c o g n i s e d  as  t h a t  s p e c i e s , a l th o u g h  i n  t h e  main 
dendrogram  (F ig .  5 ) i t  shows more a f f i n i t i e s  w i th  a
d i f f e r e n t  i s o l a t e  o f  F . avenaceum (1 3 ) .
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Figure 9
Dendrogram: R e s u l t s  o f  th e  com puter s o r t i n g
(m o rp h o lo g ic a l  and c u l t u r a l  c h a r a c t e r s )  
u s in g  th e  S in g le  L ink G rouping m ethod .
A l l  t h e  f o u r  i s o l a t e s  o f  F . m o n il i fo rm e  s t u d i e d  now 
a p p e a r  s i d e  by s i d e  fo rm in g  g ro up  3 a t  t h e  85% l e v e l .  Two 
i s o l a t e s  o f  F . m er ism o id es  form ed g roup  4 and F . x y l a r i o i d e s  
w i th  F . s t i l b o i d e s  form ed g roup  5 ,  t o g e t h e r  w i th  F . h e te r o s p o r u m . 
Group 4 and g roup  5 a r e  i n c lu d e d  i n  s e c t i o n s  E u p io n n o te s  and 
L a t e r i t i u m  i n  B oo th 's"  sy s te m . Computer g roup  6 a t  t h e  95% 
l e v e l  c o n ta in s  two i s o l a t e s  o f  F . co eru leu m  w hich  a r e  
m o r p h o lo g ic a l ly  w id e ly  s e p a r a t e d  from  t h e  two i s o l a t e s  o f
F . s o l a n i . The f o u r  i s o l a t e s  o f  F . oxysporum f .  p i s i  fo rm ed 
a g rou p  a t  t h e  85% l e v e l ,  w h i l e  t h e  o t h e r  i s o l a t e  o f  F . oxysporum
( 4 ) ,  a l th o u g h  i t  a p p e a rs  s i d e  by s i d e  i n  t h e  d en d rog ram , i s  n o t  
c l o s e l y  l i n k e d .  The i s o l a t e  o f  H e lm in th o sp o r iu m  s a t iv u m  f e l l  
o u t s i d e  t h e  F u sa r iu m  i s o l a t e s  and l i n k e d  w i th  t h e  r e s t  o f  t h e  
dendrogram  a t  t h e  70% l e v e l .
The a f f i n i t i e s  be tw een  F u sa r iu m  i s o l a t e s  r e v e a l e d  by 
u s in g  p h y s i o l o g i c a l  c h a r a c t e r s  a lo n e  a r e  n o t  w e l l  m arked 
compared w i th  t h e  main dendrogram  (F ig .  5 ) and t h e  a n a l y s i s
o f  m o rp h o lo g ic a l  and c u l t u r a l  c h a r a c t e r s  (F ig .  9 ) .  A lth oug h
sev en  g ro u p s  can  be  r e c o g n i s e d  a t  t h e  8 0 % l e v e l ,  t h e y  a r e  n o t  
w e l l  d e f i n e d .  The r e p r e s e n t a t i v e s  o f  F . roseum  (S n y d e r  and 
H ansen , 1945) a r e  n o t  so  w e l l  o r g a n iz e d  and form  f o u r  g ro u p s  
(2 , 3 , 5 and 6 ) a t  t h e  85% l e v e l ;  F . s o l a n i  and F .  s t i l b o i d e s  
l i n k i n g  a t  t h e  85% l e v e l .  These two i s o l a t e s  a r e  w e l l  
s e p a r a t e d  i n  t h e i r  m o rp h o lo g ic a l  and c u l t u r a l  c h a r a c t e r s . The 
t h r e e  i s o l a t e s  o f  F . oxysporum f .  p i s i  r a c e  1 a r e  l i n k e d  
t o g e t h e r  a t  t h e  90% l e v e l  and r a c e  2 j o i n s  a t  t h e  80% l e v e l ,  
show ing t h e r e b y  t h e  p h y s i o l o g i c a l  c o r r e l a t i o n  w i t h i n  p a th o g e n ic  
r a c e s  i n  F . oxysporum f . p i s i . T h is  p o i n t  s h o u ld  be c o n f i rm e d  
by f u r t h e r  i n v e s t i g a t i o n .  H e lm in th o sp o r iu m  s a t iv u m , t o g e t h e r  
w i th  F u sa r iu m  i s o l a t e s ,  ^fom ed g roup  6 , show ing i t s  
r e l a t i o n s h i p  w i th  them on a p h y s i o l o g i c a l  b a s i s .
The a n a l y s i s  o f  p a t h o l o g i c a l  c h a r a c t e r s  r e s u l t s  i n  t h e  
f o r m a t io n  o f  7 g rou ps  a t  t h e  85% l e v e l .  I t  i s  i n t e r e s t i n g  t o  
n o te  t h a t  th e  m a j o r i t y  o f  i s o l a t e s  fo rm in g  g roup  1 b e lo n g  t o  
p i o n n o t a l  form s and u s u a l l y  a r e  n o n - p a th o g e n ic  i n  b e h a v i o u r .
Group 2 c o n ta in s  two i s o l a t e s  o f  F . s o l a n i  and one i s o l a t e  e a c h  
o f  F . s t i l b o i d e s  and F . m o n i l i f o r m e . Groups 3 , 5 and  6 c o n t a i n  
13 members o f  F . roseum  and n o t  l i n k e d  w i th  them a r e  one i s o l a t e  
o f  F . culmorum (11) and one o f  F . avenaceum ( 9 ) .  Two i s o l a t e s ,  
i . e .  F . chlam ydosporum  and F . s p o r o t r i c h i o i d e s , a r e  a g a in  
p a t h o l o g i c a l l y  n o t  r e l a t e d  t o  t h e  F . roseum  g roup  and  a r e  w id e ly
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Dendrogram: R e s u l t s  o f  th e  com puter s o r t i n g
( p h y s i o l o g i c a l  c h a r a c t e r s )  u s in g  
th e  S in g le  L ink G rouping  m ethod .
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Dendrogram: R e s u l t s  o f  t h e  com puter  s o r t i n g
( p a t h o l o g i c a l  c h a r a c t e r s )  u s in g  
th e  S in g le  L ink G rouping m ethod .
s e p a r a t e d  i n  t h e  d endrogram . Group 7 c o n ta in s  two i s o l a t e s  
o f  F . oxysporum , and F . oxysporum  f . p i s i  r a c e  1 and one 
i s o l a t e  o f  F . m o n i l i f o r m e . A lth oug h  t h e  f o u r  i s o l a t e s  o f  F . 
oxysporum  f .  p i s i  r a c e  1 and r a c e  2 a p p e a re d  s i d e  by s i d e  i n  
t h e  d en drog ram , th e y  a r e  n o t  l i n k e d  w i th  each  o t h e r  b u t  a r e  
j o i n e d  w i th  t h e  r e s t  o f  t h e  F u sa r iu m  i s o l a t e s  a t  t h e  85% l e v e l .
The a n a l y s i s  o f  b io c h e m ic a l  c h a r a c t e r s  shows c l o s e r  
a f f i n i t i e s  and u n i f o r m i t y  b e tw een  F u sa r iu m  i s o l a t e s .  Only 
f o u r  c l u s t e r s  o r  g ro u p s  a r e  form ed a t  t h e  84.2% l e v e l .
Computer g roup  1 c o n ta in s  a l l  t h e  r e p r e s e n t a t i v e s  o f  F . roseum  
e x c e p t  F . culmorum (1 1 ) ,  F . acum inatum  and F . avenaceum  (9) 
w hich a r e  n o t  l i n k e d  w i th  them , t h e r e b y  r e v e a l i n g  c o n s i d e r a b l e  
u n i f o r m i t y  w i t h i n  t h i s  g ro u p .  Two i s o l a t e s  o f  F . s o l a n i , and 
one i s o l a t e  e a c h  o f  F . s t i l b o i d e s  and F . oxysporum  f .  p i s i  r a c e  
2 , F . d ecemce1l u l a r e  and F . acum inatum  a r e  l i n k e d  a t  t h e  8 6 % 
l e v e l  fo rm in g  g roup  2 . F . m o n il i fo rm e  v a r .  s u b g l u t i n a n s  
t o g e t h e r  w i th  F v- oxysporum  fo rm  g rou p  3 . These  two i s o l a t e s  
a r e  a l s o  l i n k e d  t o g e t h e r  i n  t h e  main dendrogram  (F ig .  5 ) .
The t h r e e  i s o l a t e s  o f  F . oxysporum  f . p i s i  r a c e  1 a r e  w e l l  
s e p a r a t e d  from  F . oxysporum f . p i s i  r a c e  2 , t h e r e b y  show ing  t h e  
b io c h e m ic a l  d i f f e r e n c e s  be tw een  them . H e lm in th o sp o r iu m  s a t iv u m  
f a l l s  o u t s i d e  t h e  F u sa r iu m  i s o l a t e s ,  l i n k i n g  a t  t h e  76% l e v e l .
V alue  o f  N u m erica l  taxonomy : -
The a n a l y s i s  o f  a l l  t h e  c h a r a c t e r s  s t u d i e d  h a s  c l e a r l y  
shown th e  v a lu e  o f  n u m e r ic a l  t e c h n iq u e s  i n  f u n g a l  s y s t e m a t i c s  
as  com pared t o  c o n v e n t io n a l  tax o nom ic  m e th o d s ,  w here  o f t e n  much 
c o n s c io u s  w e ig h t in g  i s  a p p l i e d  t o  some c h a r a c t e r s .  I t  i s  
e v i d e n t  t h a t  by u s in g  e x i s t i n g  t e c h n iq u e s  i n  co m p u te r  taxonom y 
and i n v e s t i g a t i n g  a  l a r g e  number o f  p r o p e r t i e s  o f  a  c o l l e c t i o n  
o f  F u sa r iu m  i s o l a t e s ,  n u m e r ic a l  taxonomy h a s  p r o v id e d  a v a l u a b l e  
m ethod o f  g r o u p in g .  E very  c o m p u te r - d e f in e d  g roup  o b t a i n e d  
d u r in g  t h i s  s tu d y  i s  t h e  r e s u l t  o f  c a l c u l a t e d  *S* v a lu e s  o r  
p e r c e n ta g e  o v e r a l l  s i m i l a r i t y  o f  t h e  member o f  t h a t  g ro u p  t o  
e ac h  o t h e r .  T h is  t e c h n iq u e  e n a b le s  t h e  w o rk e r  t o  u t i l i z e  a l l  
a v a i l a b l e  d a t a  on a  l a r g e  number o f  p r o p e r t i e s  o f  t h e  o rg a n is m s  
r a t h e r  th a n  a  few cho sen  p r o p e r t i e s ,  and  t h e  a f f i n i t i e s  o f  t h e  
m ic ro o rg a n ism s  s t u d i e d  can  be e x p r e s s e d  n u m e r i c a l l y .
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Dendrogram: R e s u l t s  o f  th e  com puter s o r t i n g
(b io c h e m ic a l  c h a r a c t e r s )  u s in g  
th e  S in g le  L ink G rouping  method,
F u r t h e r  work i s  n e ed e d  t o  i n v e s t i g a t e  t h e  v a l i d i t y  
o f  ' f o r m a - s p e c i a l e s '  i n  t h e  s e c t i o n s  E le g a n s  and M a r t i e l l a  
by a p p ly in g  n u m e r ic a l  m ethods t o  a  l a r g e  number o f  i s o l a t e s  
from  a w ide v a r i e t y  o f  h o s t s .
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